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———K- INTRODUCTION M 


fe. We all know the numbers. We are playing with the numbers since our childhood. All the numbers which 


wc studied till now are rational numbers. We also studied the representation of rational numbers on 
number line and about their basic algebraic operations like addition, subtraction, multiplication, 


division, L.C.M., H.C.F., etc of rational numbers. 


In this chapter we shall learn a new type of numbers called Irrational numbers. We will also learn 
the representation of irrational numbers on the number line and basic operations related to irrational 


numbers. All the rational and irrational numbers taken together are known as real Numbers. 


Actually Real Numbers are the numbers which are really exist. It may be +ve, -ve or 0 (zero). 


` 
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CLASSIFICATION OF REAL NUMBERS 


Real Numbers 


Rational Numbers Irrational Numbers 


£ Form Decimal Form : Non-terminating 
g Form and Non-repeating 
Decimal Form 


P , where p and q 


q. P where q + 0 and In which number 
are integers and q of digits after 
q*0 è Non-terminatin at least one of decimal point is 
Examples : Terminating ien achat p and q is not an infinite but there is 

Decimal P g integer 


no group of 
digit(s) (one or 
more than one 
digits) Which 


Form 


Examples : 


In which the 5 0.51 8.02 


number of digits 
after decimal point 






In which number 
of digits after 
decimal point is 
infinite but after 
decimal point a 
group of digit (s) 
(one or more than 
one digits) repeats 
continuously at the 
end Examples : 
5.4141....., 

— 0.2383838...., 
0.061245245.... etc 
These irrational 
numbers can be 
written by putting 
a bar or recurring 
above the first 
group of digit(s) 
after decimal point 
which repeats 
further. For 
examples 
5.4141... = 5. 
0.2383838... 
= 0.238, 
0.061245245..... 
= 0.061248 etc. 





repeats 
continuously at the 
end. Examples : 
501.060060006..., 
23.1424434444...., 
0.009191191119..., 
—7.401002003 

etc. 






is finite. 
Examples : 4.024 
5.008, 0.23 etc. 



















zi 











From the above classification of real numbers, it is clear that both rational and irrational numbers combined together are called real 
numbers i.e. each rational number is a real number as well as each irrational number is also a real number, Sum, difference, product 
or quotient [provided denominator not equal to 0 (zero)] of two rational, two irrational or one rational and one irrational number is 


also a real number. 
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NUMBER SYSTEM À er a a ta. [3] 


i) All integers are rational numbers. 


( 
(ii) The square root of every perfect square number is rational. eg. J4- 2,/9 = 3, 16 = 4etc are all rational numbers. 
( 


iii) The square root of any positive number which is not a perfect square is an irrational number. 


E.g.: J5, 45, J10, 12, 43.4, 40.748 etc. 


(iv) misan irrational number, which is actually the ratio of circumference to the diameter of a circle i.e. n = T’ where c and d 


- — - - ew a - ^ o- ewe ewe ew m ee m o oo o oom 
- - -o- 8 wow € S&B SB SB wo wow w HE HB HR RE SE BR SS t 


: , , 22 
are the circumference and diameter of a circle. Approximate value of x is taken as 3 or 3.14 


METHOD TO FIND A GIVEN NUMBER OF RATIONAL NUMBERS BETWEEN TWO GIVEN 
DISTINCT RATIONAL NUMBERS IN THE FORM p 


There are two simple methods to find a given number of rational numbers between two given rational numbers. 











METHOD-I 
Let 5 and ^ be two distinct rational numbers. To find n rational numbers between — and Zwe proceed as follows : 
(i) If denominator b and d are not equal then find the L.C.M. of b and d. Let the L.C.M of b and d be l. 
a l l 
Multiply both numerator and denominator of b by b and both numerator and denominator of = by q^? that denomimatoc 
l l l I 
- ax b ax b x cx— cx— 
of both the given rational numbers become equal i.e. — = ——-= aid — = — 4 E. 
b x Lu l d dx id l 
If b and d are equal, then go to the step (ii) directly. b d 


(ii) Ifthe difference of numerators of rational numbers with equal denominator is not greater than n, then multiply both numerator 
and denominator of both the rational numbers having equal denominator by a suitable natural number & so that the ditlerence 
of numerator of resulting rational numbers become more than n but the its denominator remains equal. 

| azs l l 
ax— ax-xk cx— cx—xk 
MMC Crane i cs "RM Mh 


b l IXk d l lxk 
If the difference of numerators of rational numbers with equal denominator is greater than n, then wo to the step (iii) directly. 


ax-xk cian 


(iii) (a) 5 "EC « TR? then 
l l l l 
ax—xk+l ax—xk+2 ax—xk+3 ax—xk+n 
MAE ane: AA eemeee RTI ; b are n rational numbers between given two rational 
Ixk [xk [xk Ixk i 
bers — and — 
num E py and. 
cx—xk ax-xk PC RE ex uaa Cx eked ex! x4 ; 
(b If n then d d d "e ate ^ rational numbers 
Ixk Ixk Ixk " [xk ’' dxk Tsk 
c 
between given two rational numbers : and 7° 
) 


p - -— - wo - - - 4e "9 " D o o" o É- - - m -»----eooomono»o»--^^-"-—"—"—"—"—"—"—""—"""""""""""""—"* o Wo Wow w 9o SR S ws wo wo Wo € * EE BEEBE AS 


? 4 


--  - - - m - m o. o- - - - - - -  - m --- --- 9 -------w-e---.--.----—-——--—-————"—"—""t*. eee BRB S. RR € Ron www EER ESB BERBER ES 


^ 

i ^ 

' - R d 4 L| 

' ENTIRE There may be some other set of n rational numbers between the given two rational numbers — and ‘ 
` 

, G 
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[4] Pooh Grece sasuke i C Mathematics —) 
Illustration 1: Find five rational numbers between > and 9' 
SOLUTION : 
(i) Denominator 6 and 9 are not equal. Hence, first we small find the L.C.M. of 6 and 9. 
3 | 6,9 rr 
23 L.C.M=3x2x3=18 
5. 18 8 18 
Multiply both numerator and denominator of — 5 OY * and both numerator and denominator of — 9 — by 9° we get 
7 18 
5 _ 5 x 3 E 15 
6 6 18 18 
6 
18 
8 " 8 x 9 d 16 
9 9x 18 18 
9 
ss 15 16 
(11) Difference of the numerators of — I8 and 18 


= 16 — 15 =1, which is not greater than 5 (i.e. the number of rational numbers which is to be find out) 
So we multiply both numerator and denominator of both the rational numbers = and < by a suitable natural number 6, so 


that the difference of the numerator of both the rational numbers become greater than 5 but its denominator remains equal. 
5 15 15x6 90 


— — Á— Z 


6 18 18x6 108 
8 16 16x6 96 
9 18 18x6 108 


: Į 6 
i ]| By multiplying both numerator and denominator of both Fg and Tg by any natural number less than 6, we can not 


' 

*u 
get the difference of numerator greater than 5 but by multiplying by any natural number greater than 5 we get the difference of 
' numerator greater than 5. 


91 92 93 94 


90 96 
. qu) Since 108 ^ 108 , therefore 108'108'108 108 and o are one set of five rational numbers between two given rational 


8 
numbers ? 4d —. 
6 9 


15 16 
If we were multiplied both numerator and denominator of 18 and — I8 by a natural number greater than 6, say 7, then 


| 5 15 15x7 105- 8 16 16x7 112 


! 6 18 18x7 126 909 18 18x7 126 


112 
The difference of numerator of We and —— is still greater than 5 and I < In , 
126 126 126 126 


Therefore there are many sets of five rational numbers between the given two rational numbers d and? —. 

106 107 108 109 110 8 

ı For example —,——,——,——,—— 

126 126126 '126'126 ` 

: 107 108 109 110 111 g 106 108 109 110 15 orsi 

'! 12 6'126'126126 126 an 126'126'126' 126126 arc some sets of 5 required rational numbers between given two rational 


numbers > and M 
6 9 
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Illustration 2 : Find six rational numbers between 7 and T 


4 l 
SOLUTION : Denominator of both the given rational numbers 7 and 7 are equal. 


Now the difference of numerator = 4 - | = 3, which is not greater than 6 (i.e. the number of rational numbers is to be find out) 


^ 4 
On multiply both numerator and denominator of uM = by 3, we get 


7 

4 4x3 12 

7 7x3 21 

ll. H3. 3 

7 7x3 2l 

3 T 
Now the difference of numerator of = and Ta 12- 3 = 9. which is greater than 6. 
: 4 

Also 3 < 12 therefore 2.2 9 E and Lem one set of six rational numbers between — and 7° 

2| 21 2] 21 21 21 2l 21 7 


2 
Illustration 3: Find four rational numbers between > and Y: 


SOLUTION : 
Method - I 


Denominator of given two rational numbers are not equal. 


L.C.M. of 7 and 3 =7x3=21 





jx sl 
| Wed ME 
7 442. 2i 
7 
21 
$ quu a 
3 


3 14 
Difference of numerator of 2| anda) = 14 - 3 = 11, whichis greater than 4 (i.e. the number of rational numbers is to be find out). 


3 14 VETE ; ; 4 5 6 7 
—<— et of four rational numbers between given two rational numbers are —,—,— and —. 
Also 21 21 , therefore one s | g UT 7 
Method-Il 
Let the given two rational numbers be a and b. 


Also suppose d = “=< _ where n is the number of rational numbers we need to find between a and b. 
n+ 


Then, first rational no. = a + d 
second rational no. = a + 2d 


34 rational no. = a + 3d 


-— —— — i 9 Bi UD — OOS =.. 
a el 


-— i ee ©  — See ee — — 


n rational no. = a + nd 
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Illustration 4 : The five rational numbers between 5 and g è 
Using the above method — II i 


SOLUTION : Here a => jus dn=5 
6 9 - 


da978...9- E. 8x2-5x3 18 1 l 
n+l 54] 18 — 6 18x6 108 








Hence five rational numbers between 2 and x are : 
6 9 ` 


23 dl 235x184]. 91 

6 108 108 108 

TUNES 2 25x1842- 92 
6 108 108 108 | u 


dd4de2q5.,2X1894 94 
6 108 108 — 108 ——— 
—And-435d-2.,..2.,5x1845 95 


108 108 108 


DECIMAL REPRESENTATION OF RATIONAL NUMBERS IN THE FORM S- 


Every rational number in the form ra can be expressed to its equivalent decimal form. 


For example I 02. : 


— = 0.333.....= 0.3 etc 


Generally we use long division method to get the decimal form from £ form. F 


divide 13 by 7 is shows below 
7 13 1.857142 
7 
60 
56 


or example to get the decimal form of = , we simply 

















— = 1.857142857142.... 


= 1.857142 
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NUMBER SYSTEM: 


Similarly to get the decimal form of = we divide 11 by 6. 


6\ 11 1.83 et 
4 | 
—50 
48 
20 ge 
18 
2 
- LL 1.9333... _ 
B M ient" 


-—— . 


CONVERSION OF RATIONAL NUMBER IN DECIMAL FORM TO ITS SIMPLEST P FORM 


Type-I : Conversion of a Terminating Decimal Number to its Simplest E Form. 


Step 1 : Obtain the rational number. 
Step 2 : Determine the number of digits in its decimal part. 


Step 3 : Remove decimal point from the given number and write 1 as its denominatorfollowed by as many zeros as the total num- 
ber of digits in the decimal part of the given number. 


Step 4 : Write the number obtained in step-3 in its simplest form (i.e. the form in which there is no common fator other than 1 in 
its numerator and denominator). 


The number so obtained is the required 7 from. 


p 


Illustration: Convert rational number 2.348 in simplest. form. 


SOLUTION : Given rational number = 2.348 
There are three digits in the decimal part. 


2348 


2.348 = 1000 


Now write = 2348 in its lowest form. 
1000 





2348 1174 587 
5 4 -— — AX o—— — —— 4 2 1 
2.348 1000 ^ S00 250’ which is the required form 


Type-ll : Conversion of Non-terminating Repeating Decimal Number to its Simplest g Form. 


Step 1 : Put the given number equal to x and consider it as equation number (i) 


Step 2 : If there are some non-repeating digits after decimal on the right hand side of the equation (i), than count the number of 
non-repeating digits after the decimal point. Let it be n. Otherwise go to step 4 directly. 


Step 3 : Multiply both sides of equation (i) by (10)", so that on the right hand side of the decimal point only the repeating digit(s) 
is/are left. Consider the equation so obtained as equation number (ii). 

. Step 4 : Multiply both sides of the equation (ii) by (10)", where m is the number of digit(s) which repeats on the right hand side 
after decimal point. Consider the equation so obtained as equation number (iii). 
Step 5 : Subtract the equation (ii) from equation (iii), 

Step 6 : Divide both sides of the equation obtained in step-5 by the cofficient of x. 


p 


T form. This simplest P 


Step 7 : Write the rational number on the right hand side of equation obtained in step-6 in the simplest q 


form is the required form. 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 





‘ 5 eqVN IE DP deam t " 1 
me Pe hog Mathematics 
Illustration 5 : Express 648261261261 TOM in the simplest P form. 

SOLUTION : Let x = 6.48261264261..... , 
= x= 648261 . (i) 


. Since there are two non-repeating digi i ; ‘on (i). the i i ation (i 
by (10)? i.e. 100, we get peating digits (48) on the right hand side of equation (i), therefore we multiply both sides of equation (i) 


100 x - 648. 261 . .. (il) 
Since there are three repeating digits (261), therefore multiply both sides of equation (ii) by (10)? i.e. 1000, we get 
100000x — 648261.261 


= 90900x = 647613 P vy’ 
Divide both side of equation (iv) by the e coefficient 90900 of x in equation (iv), 
we get 


90900x — 647613 
90900 ^ 90900 





_ 647613 
^ "90900 
=> eg ER (in simplest fi 
“te AOp 
71957 
Hence, 6.48261261261.................. =———. , which is the required > form. . 
. 10100 ' q 


Illustration 6 : Express 0. 52 in the 2. form. 
SOLUTION : Let x= 0.52 z 
x=0.525252 ...(i) 
There is no non-repeating digit after decimal point on the right hand side in equation (i). 


Number of repeating digits after the decimal point on the right hand side of equation (i) is 2. Hence Itiplyi i 
equation (i) by (10)? i.e. 100 » multiplying both sides of © 


100 x = 52.525252..... ...(ii) 
Subtract (i) from (ii), we get 
100x = 52.5252..... 
x = 0.525252... 


99x= 52 


Illustration 7 : Express 2.34 in the form. 


SOLUTION : Let x = 234 
x = 2.343434 (i) 
There is no non-repeating digit after decimal point in the right hand side of equation (i), 
Number of repeating digits after the decimal point is 2 
Multiplying both sides of (i) by 100 
100 x = 234.3434 (ii) 
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NUMBER SYSTEM cme or o -7 °° T steele aaa a QU OU NIGRA ao Lo] 
Subtracting equation (i) form (ii), we get 
100x = 234.3434 


“eee 


99x = 232.0 


232 
=> Xm 
99 


== 4424 
234 =—— is the required form. 
99 "as 


| p 
Illustration 8 : Express 0.2434343......... in the form of —. ' 


SOLUTION : Let x — 0.2434343 
x = 0.243 
Here, a digit 2 does not repeat after decimal point. 
So, we multiply equation (1) by 10, we get 
10x = 2.4343 ...(ii) 
Since there are two repeating digits (43) after decimal point in the right side of equation (ii). 
So, multiplying (ii) by (10)* i.e. 100, we get 
1000x = 243.4343 ...(iii) 
Substract (ii) from (iii), we get l i 
1000x = 243.4343...... 
i 10x= 2492343... 


- 990x = 241 


i) 


RE J* 
- c — form. 
=> 0.2434343........... 990 $ the required a orm 


REPRESENTATION OFREALNUMBERSIN DECIMALFORM (UPTOACERTAIN NUMBEROFDIGITS) 
ON THE REAL NUMBER LINE USING THE PROCESS OF SUCCESSIVE MAGNIFICATION 

In this section, we get the knowledge of representation of decimal number on the number line by representation of different types 
of decimal numbers on the number line. 

(i) Representation of 4.2 on the number line 

Clearly 4.2 lies. between 4 and 5 in fig. (i). 


Take a magnified look of the line segment between 4 and 5 and divide it into 10 equal parts and mark each point of division between 
4 and 5 as shown in the fig. (ii). 





4 f 5 (Fig. ii) 
4.2 


We can sce in fig. (ii), 4.2 is represented by the second mark of division after 4 in between 4 and 5. 


(ii) Representation of 4.83 on the number line 


4.83 will lies in between 4 and 5. In a closer look 4.83 lies in between 4.8 and 4.9 as 4.8 is equal to 4.80 and 4.9 is equal to 4.90 Hence 
first we draw a number line indicating all integral point on it (fig. (i)). Then after, we find the points on the number line representing 
4.8 and 4.9 by dividing the line segment between 4 and 5 in to 10 equal parts using successive magnification (fig. (ii)). 
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Take a magnified look of the line se an — i j ivisi 
S ment bet ; ` ; hird marked t of divis 
shows 4.83 (fig. (iii)), gment between 4.8 and 4.9 and divide à into 10 equal parts. Then third marked point of division 


Fig. (i) 





44142434445 464 
Fig. (ii) 





4.8 4.81 4.82 4.83 4.84 4.85 4.86 4.87 4.88 4.89 4.9 
Fig. (iii) 


€ ee ig inci inc E real iv in Lo form (up to a certain number of digits) on the number line using the process of 
gnifi ned above. Now we are able to represent any real number in deci i igi 
on the number line using process of successive magnification. iaiia ORE a 


Lets represent some more real numbers in decimal fi i gi à 
a cde. orm (up to a certain number of digits ) on the number line without explaining 
(iii) Representation of 6.328 on the number line 


| 
| 


4 5 
Fig. (i) 


NO.5 6.6 6.7 68 69 7 
Fig. (ii) 






46.35 6.36 6.37 6.38 6.39 6.4 


Fig. (iii) 


6.32 6.321 6.3226.323 6.3246.3256.326 6.327 6.328 6.329 6.33 


T Fig. (iv) 
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B 


(lv) Representation of 4.62 0n the number line up to five decimal places 
4,62 = 4.02222 (up to Š decimal places) 








2 3 6 Fig. (ì) 
48 49 5 
Fig. (ii) 


4.64 4.65 4.66 4.67 4.68 4.69 4.7 
: Fig. (iii) 


— 


4.62 4621A 





24 4.625 4.626 4.627 4.628 4.629 4.63 





Fig. (iv) 


4.622 4.6221 £224 4.6225 4.6226 4.6227 4.6228 4.6229 4.623 


Fig. (v) 
4.6222 4.62221 4.62222 4.62223 4.62224 4.62225 4,62226 4.62227 4.62228 4.62229 4.6223 
| Fig. (vi) 


REPRESENTATION OF IRRATIONAL NUMBERS IN THE FORM FON THE NUMBER LINE 


To represent an irrational number in the form E , we use the Pythagoras theorem of' a right angle triangle, according to which, in a 


right angled triangle, the square of the hypotenuse is equal to the sum of the square of the other two sides. 
i.e. (Hypotenus)? = (Base)? + (Perp)? 
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In this section, we get the knowledge of representation of irrational numbers on the number line by representation of different types 
of irrational numbers on the number line. | 


(i) Representation of /2o0n the number line 


Draw a number line indicating all integral points on it. 


ra 


Since J2 >0 


Hence, /2 lies right side of O on the number line. 


Now, 42 = JD? +(1)? 


So, if we draw a right angled triangle whose base and perpendicular each is of unit length, then length of its hypotenuse is /2 
units. 


Draw a perpendicular line segment of unit length above the number line at the point representing 1 on it. Let the top-point of this 
perpendicular line segment be A. Clearly, O4 =,/2 units. 
Now draw an arc with O as centre and OB as radius intersecting the number line at a point B on the right side of 1 on the number 


line. Hence, OB = J3 unit. 


Therefore point B on the number line represent, /2 . 


(ii) Representation of 4/3 on the number line 


B-J c | | 


Mark a point B on the number line which represent 4/2 on the number line as discussed above. 

Draw a perpendicular line segment of unit length above the number line at the point representing J2 on it. 

Let top point of this perpendicular line segment be C. Clearly OC = V3 units. 

Taking O as centre and OC as radius, draw an arc intersecting the number line a point D on the right side of /2 on the number 
line. 


Clearly point D on the number line represents the number 4/5 . 
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toh a [13] 
(iii) Representation of ./5 on the number line 
45-42 +1? 


Now mark /5 on the number line as the methods explained above. 


Ps 
- 
- 
. 
. 
. 
. 
. 
.* 
rad 
. 
. 
.* 
. 
. 
.* 
. 
. 
. 
at 
.* 
s 
. 
* 


t 
. 
L 
. 
.* 
- 
L 
a 
s" 
L 
.* 
" 
. 
L 
. 
^ 
i 
. 
. 
a" 
. 
.* 
. 
P 
. 
. 
. 
.* 


i 0 2 45 3 


(iv) Representation of ./6 on the number line 


4/6 = 422 « 2»! 


Now mark 4/6 on the number line as the method explained earlier. 





-1 3 1 V2 2 Js 3 4 5 
(v) en of /7 on the — line 
or. J7 -AU3Y. « QY 
Take J7 = [6 «o? 
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(vi) Representation of V10 on the number line 


4/10 = V3)? +0” 


we 


. 
. 
.* 
. 
. 
. 
"n 
.* 
s** 
. 
" 
a , 
aoe?” 
" 
. 
. 
. 
. 
. 
. 
. 
" 
Lo 


(vii) Representation of /13 on the number line’ 


J/3 = 432 +2? 


4 
a” rN 
"s 2: X 
NENNEN | : R 
-j 0 l 2 3 A34 5 


(viii) Representation of ( 2+ V3) on the number line 
Draw a number line indicating all integral points on it. Let the point representing 2 on the number line be 4. Draw a line segment 


of unit length perpendicular and above the number line at a point representing 3 on it. Let the top of this line segment be B. Join 4 


to B. Clearly AB = J2 units, because 42 - 4o» * (1)? 


Now draw a line segment BC perpendicular to AB at B as shown in the figure. Join A to C. 


Clearly AC =/3 because V3 = «2» +(1)? 





0 | 2 3 (2+V3) 4 


Now with centre A and radius AC, draw an arc intersecting the number line at a point D on the right side of 2, 
Clearly point D represent (2+ V3) on the number. 
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(ix) Representation of (5-6) on the number line 


42 = Jay +0? 
46 = A27 +(2)° 


t2 


+ 
^ 
le * 
.. a, 
" 
- 
2 
*, 
* 
s 
*.. 
* 
+ 
» 
*. 
aa——ráÀ— e — A! À 





PASE N 
AZ. iB [i F 
2 3 4 5 6 43. 76«46)8 


TO PROVE V2 IS AN IRRATIONAL NUMBER 
This is proved by the method of contradiction. 


Let us suppose, if possible that 2 is not an irrational number i.e. 42 is a rational number. Hence it can be represented in the form 


of : Le. /2 = P ; where p and q are integers but q = 0. 
q 


Let P is in simplest form hence p and q are co-primes i.e. they have no common factor other than 1. 
q 


Squaring both the sides, we get 2 = _ 
> p= (ìi) 4 
Since RHS of (i) is twice the square of an integer, 
Hence, RHS of (1) is even 
p^ is even 
Hence P is also an even integer. 
Let p = 2m, where m is an integer. 
p -4m! 
Putting the value of p? in (1), 
4m -2q 
F = 2n (ii) 
Since RHS of (ii) is an even integer, hence L.H.S. of it i.e. q? is also even integer. 
Therefore, q is also an even integer. 
Hence, p and q both are even integers. 
But two even integers have always a common factor 2, which contradicts our assumption that p and q are co-primes. 


Hence, J2 is an irrational number. 


TO PROVE /3AND /5ARE IRRATIONAL NUMBERS 


Let v5 suppose if possible that J3 is not an irrational number i.e. J3 is a rational number. 
Hence Vi can be represented in the form of £. 
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i.e. = P , where p and q both are integers but q + 0. 
q 


Let q is in simplest form, hence p and q are co-prime i.e. they have no common factor other than 1. 


Squaring both sides, we get 
2 
p 2 


Since q is an integer, therefore q? is also an integer. 


2 


(i) 


=  3g?isan integral multiple of 3. 


=> p° is also an integral multiple of 3. 
Hence p is also an integral multiple of 3. 
Therefore we can assume that p = 3m, where m is an integer. 
Now putting the value of p in equation (i), we get 
9m? =3q?, = q? =3m? = q?is an integral multiple of 3. 
Hence q is an integral multiple of 3. 
Since both p and q are integral multiple of 3, therefore they have a common factor 3, which contradict our assumption that p and q 


are co-primes. Hence 4/3 is an irrational number. 
In the same way, we can prove that ,/5 is also an irrational number. 


TO PROVE (2-7 3) IS AN !RRATIONAL NUMBER 


Method-I : 2 is a rational number 
3 is an irrational number 
(2+ V3) is the sum of a rational and an irrational numbers. Hence, according to the properties of irrational numbers (2+ V3) isan 


irrational number. 


Method II : Let us suppose if possible that 2+ V3 is not an irrational number i.e. 2 + 3 is a rational number, then it can be rep- 


resented in the form of 2 where p and q are intergers but q + 0. 
q 


ie. 243-2 P. 
q 

-2 : 

Veri gas (d) 


| am 





* * 2 bd LI 
Since p and q are integer so (p — 2q) will also be, an integer, hence Lisa rational number, 


But V3 is an irrational. 

This contradicts our assumption that (2+ V3) is a rational number. 

Hence, (2-- V3 ) is an irrational number 

TO PROVE Vn IS NOT A RATIONAL NUMBER. IF n IS NOT A PERFECT SQUARE 
Let n be a whole number but not a perfect square 


i ' ‘ , , p ; 
If possible, let /n be the rational number, then it can be represented in the form of rE Where p and g are integers but q #0, Also 


suppose P. isin simplest form, hence p and q are co-prime i.c. they have no common factor other than l. 
q 
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Squaring both the sides we get EJ = 


p? = nq? ...(1) 


Since n is a factor of p? 


Hence, n is a factor of p. 

Hence, we can suppose that p = nm, where m is an integer. 

Putting the value of p in equation (i), we get 
Pm ng? 
q? = nm? ) | 
n is a factor of q? | 

= nisa factor of q. (ii) 

Hence, n is a factor of both p and q. This contradicts our assumption that p and q does not have any common factor. 

This means our assumption that 4/7 is a rational number is wrong. Hence Jn is an irrational number, where n is not a períect 


PROPERTIES OF IRRATIONAL NUMBERS 


(i) Negative of an irrational number is also an irrational number 
For example: J5 is an irrational number, because J5 is an irrational number. 


(ü) The sum or difference of a rational number and an irrational number is an irrational. 


For example : 2443. 2- B. J3 - 2 are irrational numbers because 2 is a rational number - V3 is an irrational 
number. | 


(iii) The product or quotient of a non-zero rational number with an irrational number is an irrational. 


For example : 243 LO are irrational numbers because 2 is a rational number and ./3 is an irrational number. 


(iv) The sum, difference, product and quotient of two irrational numbers may be rational or irrational. 


(i) (2-43) and (2—~3) are two irrational numbers but their sum = 2+ V3 +2- 43 =4, is a rational number. 


For examples : 


(ii) (2+ 43) and (-2+ 43) are two irrational numbers. Their sum =(2 + 43) +(-2+ 43) = 243, is an irrational number 

(iii) (2+ B ) and (-2+ 43) are two irrational numbers but their difference = (2 NEJ )-(-24 3 )= 4, is a rational number. 

(iv) (2+V3) and (2- V3) are two irrational numbers. Their difference = (2+ /3) - (2- V3) = 2V3 is also an irrational number. 
(v) 2 and ./8 are two irrational numbers but their product = J2 x 48 = V16 = 4or - 4, is a rational number 

(vi) V2 and V3 are two irrational numbers. Their product = 42 x 45 = V6 , is an irrational number 


8 8 
(vii) /8 and J2 are irrational numbers but their quotient A = E = JA = 2 is a rational number 


(viii) (2+ V3) and (2 - J3) are irrational numbers. Their quotient 


_2+v43 _ (2+V3)x(2+V3) (2+ V3) 44+34+4V3 
i (e Mad) 74-3 1 


= 7 4 445 , is an irrational number, 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


RER s | te ae Va. s oni, . 


SURDS 
Any irrational n “the “Wa "is wi i 
rM umber of the form ` Ya ` is given a special name, called Surd. '«' is called radicand, it should always be a rational 


Also the symbol * &/ " is called the radical sign and the index 7" is called order of the surd, 


i 
ny. e i i 
a 1s read as nth root of *«` and can also be written as (a)" . 


| 
Example : 3/4. v. (12) etc are surds. 


TYPES OF SURDS 


(i) Pure surd A surd which has unit 
etc. 


(ii) Mixed surds: A surd which has 


y only as its rational factor, the other factor being irrational. For example B. is. 43.98 
à rational factor other than unity, the other factor being irrational, is called a mixed surd. 
For example - 245. 23/5. - 63/8. etc. 
(iii) Simple surd: A surd consisting of a single term is called a simple surd. 
For example V3, 345, = ¥6 etc. 
(iv) Compound Surd: An algebraic combination of two or more surds is called 


For example (34 V5), (V2. V4), (39/8 - 74/15) etc. 


4 compound surd. 


(v) Like surds : Two or more surds are called like surds if order and radicand of their irrational factor are same. 


"ra AND SUBTRACTION OF SURDS: Addition and subtraction 
surds. 


LAWS OF RATIONAL EXPONENTS 
If a & b are positive real numbers and m & n arc rational numbers, then 
(i) | a" xg^2gm*^ 
(ii) a" --g"24"-" 
(iii) (g")" = gm" 
4. l 


(iv) a —— 


of surds are possible only when the surds are like 





z m i 
(v) a" =(a™)" =| a" | je. a” -Yar = (Ya )" 


(vi) (ab)" = a™ 5" 


(vii) -5 \ 


M 
(viii) (ay" = fa" =a 
(ix) oa x [b = Vab 


(x) da +h - de 
(xi) ffa = "ma = ffa 
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oc A UOCE .. .. iow [19] 
, 


f 0d 
Illustration 9 : Simplify : 135.175 


l l 
SOLUTION E 135 175 iai 2215 = $221 


Illustration 10 : Simplify 7/4; !/? 


3...] s 
SOLUTION : 73/4, «V2 _ m4 2 = 4 





EL ath 2b bte y cra 
Illustration 11 : Simplify: Ej H m. 
2 ^» 24 
r ath bec ca 
[ 24 Y" ( 221" ( 2€ REA 
SOLUTION : ea ey (z) = (2" h yr (2 yp (ae tyr 


) 3 ? ? ) 2 
,, 0€ P a -e en Y adea 


l 
Illustration 12 : | = x 





-m 





SOLUTION : re 





n 2 l > E 2 n l 

I \ tm^ —im ( y” UM * -mn (yn im + -n 
| Ex. a 
gm. v d 


’ 3 
moon "mn 


P n QD. 
: cyl y «m^ -lm - ( x" my ; oett! y! [* -ni 


3 ^" * 3 3 3 
E y tmu n Im) (m+n «n7. mm) yr H7 onl) 
2. gE LII 
2 : ' 25. Y. 
" pU mrt «m im) s Cine nWm^ +n” - mn)e(nslyn? «07 nl) 
HW ` , 2 2 2.23 NN 2 s 2. 2 
- VEL -I* m* ml^ m Im? «a «inn? -m^n*nm^ «m -mn^ «m «nl*- n^l«ln" «Fl nl 


3 1 3 
= oU em sn) 


Illustration 13 : Assuming that x, y are positive real numbers, simplify each of the following: 
CEN ES (i) (79. Ty 
(i) (Nay ivy wx? t e Jt? 
(v) Ja? exp (vi) SER 


SOLUTION : 
(i) We have, 








| | 
> 3\9 3/2 3/2 
c? 3 y x we E. a T 
Si | ; L^ x42... 
(x^)? i 
Gi) We have, | 
apl Pag Pa Per y 1222 Ay l, TT 
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(iii) We have, 


(V3 Jes] = (73/235 = 3/25  1-15/2 _ I 


x? 


(iv) We have, 


(Vx) 253 4,4 + fg? OQGMIyzBgAym — amus yea 
-/241/2 ^ .M2,..-1/24/2 
Qy 7^) "mc | Min 


Ay = 
eae VA An -1/4 
y 
9/8 
-213 [4 idi -V2 . yaris X 
— ETT ae 
(Vx) Ya ~ x6 





(v) We have, 
xy? x^? y? 
3 ny 
Vo? «x S Nas ) 
xy x y 
= 1/3 yi =» sy -13 


(vi) We have, 
I 


do - -[e ay] (32/34 = 4234/4 _ 1/6 





: y? 0-9 b )* 
Illustration 14 : Show that : «s “i 








eg" 
SOLUTION : 
We have, 
ya 0-9 (x zy 
Q9 
ab—ac duos 
- +(x") 
babe 
b—ac, bc, 
= = x(a )-(ba-bc, x ————— e- AF 
= y ab-ac - ba + be x l = y actbe yac-bc 
xoc 4€ 


= y- ae + be + ac -bc = y) = 1 


RATIONALISING FACTOR 

If the product of two surds is a rational number, then each of them i is a rationalising factor of each other, Rationatining Sater o£ a 
surd is not unique. 

For e 


xamples: 
(i) (am is the rationalising factor of %/q™ and vice-versa. 
(ii) (Ja + Vb) is the rationalising factor of (Ja Jb )and vice-versa. 


(ii) (a+ Jb) is the rationalising factor of (a — vb) and vice-versa. 


^ (iv) (Ya+¥b) isa rationalising factor of (a23— a!” b!” + 52/3) and vice-versa. 
( 1 2 
(v) (Ya - Yb) isa rationalising factor of r 13 4 a3b!”? +b3 | and vice-versa. 


\ 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 








Illustration 15 : Rationalise the denominator of = : 


+3/2 


SOLUTION : We have, 


l l 2-32 123452 


742 7X2 1-32 qy-o42y 








24/3 — 45 


Illustraton 16 : Simplify each of the following by rationalising the denominator 1434348 


SOLUTION : Multiplying both numerator and denominator by the rationalisation factor of the denominator, we have 


245 = id 243 - V5 a = (243 - Son m) 


——— — ———— X —————— — 


243 — » 23x x42 - bad ro ad 








2V2+3V3_ (22)? - (343? 

243-45 — 4J3x2-6/3x3 -2V5x2+3V5x3 
= Wrens Ax2-9x3 

243-45 _ 446-6x30-2410 +3VI5 
^ a 8-27 

248-45  4[6-18-2410 3415 
in. 22433 —19 

243-45 1842410 -4v6 - 3/15 
= ane 19 

4* Js | 4-5 

Illustration 17 : Simplify each of the following : "- is 4« J5 


$OLUTION : We have, 




















s aes? a-4SP Ge SY y 0-4 
= (4-Jsy4« 5) (4«d5y4-45) (4- fue (44 V5)(4-V5) 


4 «(Sy e2xax S | 4 e (5) -2x4x45 





4? - (45)? 4? - (45) 
16454845 1645-845 214845 «21-845 42 
|^. 16-5 16-5 16-5 
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MISCELLANEOUS 


Solved Examples 


Find the value of 2.6 — 0.9 


SOLUTION : Let x - 2.6 UI) 


~ 10x=26.6 ..(2) 
Subtracting (1) from (2) 


9x = 24 
MN LI 
9 d 
Alsosuppose y-0.9 l Ji) 
=> y-099 
10y - 9.9 (4) 
Subtracting equation (3) from (4), we get 
9y=9 
" N " 
2 6-082 x-y-2-1-5-2.7 
Rationalise the denominator and simplify : 4. - zl + ees 
3/2 443 J6 








OLUTION : -= F t 
, B«J6 Je«48 4845 


3/2. V3-V6 | 443 — Vo - v2 | V6 ,A2- 
= Bide 48-46 Jed Je6-42 Jae 4B. EN 


—.342(43- 46). 4430/6 - v2) | V6(V2 - v3) 


3-6 6-2 2-3 


= -V2(V3 - 46) - (6 - 2) - V6(v2 - V3) = -V6 + 12 — 18 + VE — id 4 Vig <0 
EERE simpiity : 53/250 + 73/16 — 143/54 
sozurion ; =5¥250 «74/16 — 143/54 


53125x2 « 73/8x 2 -143/27 x 2 
=5x 53/2 «7x232 - 14x 3x 3/2 = (25 +14 - 42)]2 = -332 


an 
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Simplify : {8a5b x 425 
SOLUTION : = NER q^ p? x $ 42a4b* = 4a! Saab 
Divide 4/24 by 31/200 


Xm _ CO qus 








REESE If x = : , find the value of x? — x2 — 11x +3 
24-43 


SOLUTION : as x= l m 2-15 


2445 
x-22-45 


Squaring both sides, we get 





(x — 2)? 2 (743)? 2 x? +4-4x 232 x? -Ax 4120 
Now, X —x?- 11x+3 =x -4x +x-3x2- 12x € 3 

x (x2 - Ax + 1) +3 Q2 - Ax +1) 

xx0+3 (0) 

0+0=0 


Va * 2b + Ja — 2b 
| Example 7: 9G x= ap Prove that Bx? -abx + 6? =0 


ae _ (fa+2b + Va—2b) | (Ja*2b +Va-26) 
**(Ja+2b—VJa—2b) (Ja+2b+Va-26) 


(Ja+2b+VJa-2b)* _ a+2b+a—2b+2,(a+2b)(a—2b) 


> X7 (a+2b)-(a-2b) 4b 
2| a+ a? -a | 
mm 2b 


à 2bx 2 a Na? -4b? 
> 2bx-a = Na? - 4b? 


Squaring both sides, we get 


(2bx - ay) = (Va? -4b? j 


—  4bx? + a? — 4abx = a* - 4b? 
=>  4b?x* -4abx + 4b? = 0 
=> bx*-abx+b?=0 
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[24] . — ! emen Mathematics 
Show that C PGPH 
(x^ x? x^ Y 
b 2, b 
SOLUTION : We have 2 e yo Po y oy 
(x7x°x°)4 
x7(@+b) 2(0+c) 2(c+a) — (22425 2b+2c 2c+2a  _2a+2b+2b+2c+2c+2a „4a+4b+ác i 
O FEES 7 veut 00 ee urbe 
n 4244-ni2 n 
EXE 792607 0-0 te that mm n=. 
ox? 27° 


2 ,4-n/24-2 
SOLUTION : We have, 2 wg. E 


33m x 23 | 27 
- G^y* x 32 x37n/2x2 ~(3°)” 1 
33m x 3 297 


= 32^ x3? x 3" _ 33" E l 
33m x 73 ~ 27 
32nt2+n _33" 0l 


3737-1) 1  3g"g | 
3"x3 277 mg 27 

ES 

=> 33n-3m —3-3 


=> 332-3m 


On equating the exponent, we get 


=> 3n-3m--3—n-m--1-»m-nz-l. 


2/3 - Js 


Simplify each of the following by rationalising the denominator —7———— 
P plify £ £ 2 J24 3 3 
SOLUTION : Multiplying both numerator and denominator by the rationalisation factor of the denominator, we have 


243-45 243-245 242-343 _ (2V3 - V5\(2V2 - 33) 
xBexB 2N2+3N3_ W2-W3 (W243V3)Q/2— 343) 


243-45 _ 243 x242 - 245 x 343 - V5 x 242 JS x 3 3 


E xBexB (2/2)? - (343? 
243-45  443x2-643x3 -245x2 «345 x3 

- 242435 4x2-9x3 

" 243-45 _ 446-6x3-2410 « 3415 
2245 8-27 
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243-45 _ 446 -18-2410 +3V/15 
242 345 -19 
243-45 _ 18+2V10 -4V6 - 3415 
n 242 «345 19 
If both a and b are rational numbers, find the values of a and 4 In each of the following equalities: 
342 - 243 


SOLUTION : Multiplying the numerator and denominator by rationalisation factor of the denominator, we get 


42448. 42448. 322458. (24 43)942 & 243) 


2-245 32-243 sJaexB o (3V2-2V3)(3V2 245) 
42 443 _ NA2xX2« 2 245 + 48 x 3V2 + 3 x 243 


2-243 . 3V2)* - (23) 
42445. X2x24245x2 +3V3x2 +2V3x3 
= 342 —241 9( J2y - 4(43)? 
42443. 3x24246 346 2x3 
- 32-245 ^  9x2-4x3 
42443. 6«Q«3 6*6 1245/6 5 [- 
- 342-243 18-12 6 - 6 
Mh i-bi 
342-243. 
a 245 6 =a-b 
E a -b46 2 2- (-5/6)46 
=> a = 2 and b=-5/6 


1 1 
| Erample 12 : ir x = 343 + J26 find the value of Y z) 


SOLUTION : x 2343 +26 


1. 10 — 33-26 
x 343+ J26 343-426 


383-426 _ 4 [3 S56 


~ (27)- (26) 
if 1\_1 | 
" 1x44} = + [6V3 426) 45 - /26)] 
-qx6 o3 
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EE 1 = 2 +29 4 223 find 822 \ 
SOLUTION: = x =2+2"/34223 \ 


Y-2 = 21/3 + 22/3 = 2514 (1 J- 213) 





= (ru 2y - [2!?(1 + 2133 
=> 3-8-342243423-22( 1421/29 
=> x-8-620«12:22(1424 3.12212 4 3, 1.32 
=> y-6?42x-8-22[34322432 2/3) 
= 6(1 +2!/3 + 923 
| 2 
x2242) 42) 
= 6(x-l) (i) D 2 
x-12 1423 423 
=> x 6r?+12r-8=6r-6 
\ => x-6x7+ 12r-6r-8+6=0 N 
=> x-68-46x-2-20 
N 
= 64 y [^ the term arc repeating] 
y-64y [on squaring] A 
jy -y-620 l 
(v-3) (v+2)=0 l \\ 
y — 3, cali 3 \ 
Butv 2-2 | 
a pms 
^ 46^ 6+V6+....0 23 
If a? = b1 = c' = abc then find the value of pqr. 
SOLUTION : Let a? = b1 = c" =k (ray) 
- P=k>a=k'P 
pk bk 
C=kac=kl* 
abc = kP Kid Vr (On multiplying) 
| | J 
—+—¢-- 
abczkP 1 "=k [Given] 
a E \ 
—+—+-—=] 
PEP \ 
qr* pr* pe . | 
pqr 


pq + qr * pr= pqr 
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| I 
Example 16: Lf (3) | = 7". then find the value of m. 
T 


-| 4 
-2| 3 
SOLUTION : | I Lj 
| "E 
| 
L 


| 
za [y's -7" 
=> (7-45314 -1.7n 
= 7-13 = 7M 


m = -]1/3 


PRAE Show that between any two distinct rational numbers a and b, there exists another rational number. 
SOLUTION : Since a x b, without any loss of generality we may assume that a « P. 
Now a< b, ^cdgtgcatb | 
=> 2a<atb 


a+b 
=> u< 





Also, a « A, < atb<bth 
=> atbh<2b 


a+b _, 





a+b _, 





Thus, 4 < 


a+b 





Clearly, is a rational number lying between a and b. 


P ECEN Find two irrational numbers between 0.12 and 0.13. | 


SOLUTION : The two numbers 0.1201001000100001 ....... and 0.12101001000100001 ........ are the irrational numbers between 0.12 
and 0.13. 


I 7 
eerie ee Find a rational number between z andj - 


SOLUTION 4 Chew aoil abar Between ad T ali-l 2137] 9 
; One rational number be 4 10 = 5 5 10 2 10 20 


HEIC Which of the following rational numbers can be represented as terminating decimals ? 


d -27 


SOLUTION ; 


(i) In—. 20 = 2? x 5. i.e., it has factors in 2's and 5's. 
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7 ne, ; 
20 has terminating decimal representation. 


b —27 
(ii) m , 40-25 x 5 i.e., it has factors in 2's and 5’s. 


27 wn : 
40 has terminating decimal representation, 


ELA. Express 1.272727.....= 1.27 in the form P where p and q are integers and q + 0. 
q 


SOLUTION : Let x -1.272727......... Since two digits are repeating, we multiply x by 100 to get 
100x = 127.2727 ........ 
So, 100x- 126 + 1.272727........ = {264z 

126 14 


Therefore, 100x- x= 126, — 99x =126 = x=- -12 
99 11 


a M Recall, 7 is defined as the ratio of the circumference (say c) of a circle to its diameter (say d). That is x = E 
This seems to contradict the fact that 7 is irrational. How will you resolve this contradiction ? . 


SOLUTION : There is no contradiction. Remember that when you measure a length with a scale or any other device, you only get 
anapproximate rational value. So, you may not realise that either c or d is irrational. 
/ 


S eee Express 0.123 in = form. 


SOLUTION : Let x=0123 i.e. x= 0.12333 (1) 
Multiply both sides of (1) by 100 
100x = 12.333 E) 
Multiply both sides of (2) by 10 
1000x = 123.333 | ont) 
Subtract (2) from (3) 
1000x = 123.333 
100x= 12:333 
900x = 111.0 


_ 111 3x37 37 


900 900 300 


area ee Prove that 2+ V3 is irrational. 


SOLUTION : Let 2+~3 be a rational number equals to r 


2+ 43 =r 
=> 3=r-2 " 
Here, L.H.S. is an irrational no. while R.H.S. (r — 2) is rational. 
L.H.S. Æ R.H.S. 


Hence is contradicts our assumption 


(2+ J3) is irrational. 
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4 A Re «uid T IN QU m r i 
* V TA ANS, Url o Ww oe At UIT E 









panon TEN E ita) 1 a 
f Piel e 
AC otn du XC i ai 


UG 





DIRECTIONS: Complete the following statements with an 
appropriate word / term to be filled in the blank space(s). 


a 
B 


The sum/difference of a rational and an irrational number 
. ES 
is 
2. 0.578 is number. (rational/irrational) 

3. 0.72737475 number. (rational/irrational) 


Two mixed quadratic surds, a + vb and a—b , whose 
sum and product are rational, are called 


5. If x+V5=4+ My, then x + y= 
are rational) 








» 


. (where x and y 


6. Irrational number between — and ; is 





7. Value ofa is......... dit i 


— acis 


8. Ifthe product of two surds is a rational number, then each 





of the two is a of the other. 
9. t ur , in rational denominator is 
343 
10. 125-1/3- 


as _ 





ES 


Aera d SiS dt (edi hem 45 DUO. 





DIRECTIONS: Read the following statements and write your 
answer as true or false. 


1 Every whole number is a natural number. 
2. Every rational number is an integer. 

3. Every natural number is a whole number. 
4 


3/3 4../2 is a surd. 


5. If p= 2-- 43 and pq is a rational number, then q is a 
unique surd. 


6. Every integer is a whole number. 
7. Every rational number is a whole number. - 


8. All rational numbers when expressed in decimal form are 
either terminating decimals or repeating decimals. 


9. All rational numbers can be represented by some point on 
the number line. 


10. Square root of a prime number is rational. 





DIRECTIONS: Each question contains statements given in 
two columns which have to be matched. Statements (A, B, C, D) 
in Column I have to be matched with statements (p, q, r, s, t) in 
column Il. 


l. Column I Column II 
(A) 12isa (p) prime number 
(B) 2,7 are (q) nota rational number 
(C) 2isa (r) composite number 
(D) 42 (s) co-prime numbers 





DIRECTIONS: Give answer in one word or one sentence. 





D 
. 


Write the smallest whole number. 


p 


Write the integer other than 1, which is a reciprocal of 
itself. 


3. Write Additive inverse of 7 
4. Write multiplicative inverse of =. 


5. Suppose a is a rational number. What is the reciprocal of 
the reciprocal of a ? 


6. Write the repeating decimal for each of the following, and 
use a bar to show the repetend. 

. 4 .. ... 7 
7 (i) 5 (i) 1 


7. Classify the following numbers as rational or irrational. 


(i) J225 (ii) 7.478478...... 


8. Are the square roots of all positive integers irrational? If 
not, give an example of the square root of a number that is 
a rational number. 


l 
9,  Rationalise the denominator of Zehn 


10. Simplify : = 


| y! 
© s 


: 1 ]! 
M) 7282 
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12. 
13. 
14. 








Simplify : 
(i) (Way (ii) (2) (4) 
J5 6 8 3 
ys E 3 
un) |.3. (iv) (3) m 
E 3) 42 
9 
2° x8? 
(v) 43 


Which whole number is not a natural number ? 

Find two irrational numbers between 0.1 and 0.2. 
Determine, without actually dividing, which of the 
following rational numbers can be named, (a) by a 
terminating decimal, (b) by a repeating decimal. 


7 | 
(1) 20 (ii) 6 
l 
— ; 47 
(11) el 
2 (V) 16g 


Write down a fraction which is equivalent to 
0.033636363.......... 


Find two rational numbers between 
0.222332333233332.... and 0.252552555255552.... 


Which is greatest : 3/4, 4/5 or 4/5? 


Find four rational numbers between sand TD 


DIRECTIONS: Give answer in 2-3 sentences. 





If 3 V5 = p 4 q« 5 , where p and q are rational 
4-25 

numbers, find the values of p and q. 

Simplify : 


3-48 J-J] 48-46 46-45 45-2 


Examine whether the following numbers are rational or 








irrational : 
(i) (2-43) 


The product of two given real numbers is a non-zero 


(ii) (3442)3- X2) 


‘rational number. Show that the numbers are either both 


rational or both irrational. If the product of the numbers is 
zero, how does this result change? 


Find the value of 'a' in the following: 


6 
— '— m IB — al 
342-243, 


4. Simplify: 


Mathematics 


| 
ju 
6. Simplify: ii HP 


7. Examine whether the number is rational or irrational 


Q*2)0- 45) 
(3+ J5y2- 42) 


8. Given that /3 = 1.732 find the valuc of 
V75 ez a8 - 192 
9. Simplify : 3/2 + 3/64 + 1/64 + 4/2500 + 9/8 


10. Simplify and express the results in simplest form 
yx? ~y +x yx? +y? -y 
Å ee 
Jery y rdt -y! 


li. If x= 9 - 45 find the value of K ES 


Jx 
12. Find x2, if x= Sa ria vv5-2 
5+] 


ag Miet Py "Wu i Vires UNE 
i» Lor Y ne} S4 A :: Y ( i | 4 4 
DIRECTIONS: Give answer in four to five sentences. 


1. Express 0.6 + 0.7 +0.47 in the form £ , Where p and q are 
integers and g #0 4 


_V3+v2 La y 3-2 
2. e ums dish oe om 


Then find the value of x2 + y?, 


3. Express with a rational denominator 


15 


I3 x5 0 x 
V0-43 J6«J5 Jis«342 


i771 v7 +1 


8. SPI 
Wu = a * b . find the values of a and b. 
6. Simplify; 4*5 , 4- V5 
4- 45 44 45 


If 5 = 2.236 and 6 = 2.449 find the value of 
l+⁄2 1-42 


== + —————. 
V5+V3 V5-f3 
8. Ifx= YE429+ Vp -2q 


and 
p*2q - ]»-2a 20 q # 0, then prove that 
qx? -pxtq =0, 


| 
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[31] 
(a) 4 (0) 16 
] 1 
| à) - 
DIRECTIONS: This section contains multiple choice questions. an 
Each question has 4 choices (a), (b), (c) and (d) out of which 19, 2^ —2(2") when simplified i: is 
ONLY ONE is correct. 9(2n+2) 1 
n+3 
| a) 1-2(2") o ? 74 
1. The value of x, when 2* + ^.3* + ! = 288. 0) 1 i l 1 
(a) 1 (b -1 c (d) 57-1 
(c) 0 (d) None ME , ; 
‘nnii 11. Which of the following statement is not true? 
2. Tn var W wr (a) Between two integers, there exist infinite number of 
( T 4) ( + 4) ( + 1) —— ( F 1 becomes rational numbers dias " 
2 3 4 n (b) Between two rational numbers, there exist infinite 
(a) n (b) n-l number of integers 
2 (c) Between two rational numbers, there exist infinite’ 
(c) 2+ l (d) n number of rational numbers 
"1 2 (d) Between two real numbers, there exists infinite 
3.  Thevalue of 0.423 is number of real numbers 
423 423 r paperia rimena 
© 1000 O, 100 t iare than One Conect —— = 
423 _ 419 ——— 
(c) 990 (d) 990 DIRECTIONS: This section contains multiple choice questions. 


Each question has 4 choices (a), (b), (c) and (d) out of which ONE, 
4. Ifa=2+ 3 and b- 2-43 then + isequalto ~ OR MORE may be correct. 
a^ b 


(a) 14 (b) -14 1. Which of the following is irrational? 


o 5 o 5 @ 17 ©) x 
: 3 

5. Value of x satisfying /x+3 t4x-225,is | 

(a) 6 () 7 ( V7 (d v81 

d) 9 

w s (a) 2. Value of Jen? is 

6.  Rationalizing factor of /162 is i 
l l 

(a) 3 () 2 @ 5 6) 1 

(c) V5 (d) v8 (c) 9 (d) 3 
7.  Rationalizing factor of (2+ B 3)= l 3. Which of the following is equal to x ? 

A pR dis O 747 O cs 

() 2443 "n ae J£ E 2 719 

c 3 d) x!7/19 x y ?/l 
8.  Rationalizing factor of 1e J2 +43 wr Me i 
4. Decimal representation of a rational number can not be 
(a) 1«42 v3 o 2 (a) terminating 
(c) 4 (d) 1+ £2 443 (b) non-terminating 
l 2 (c) non-terminating repeating 

9. Evaluate (+) (d) non-terminating non-repeating 
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S. Which of the following is/are not correct ? 


ion : 2+ V6 is an irrational number. 
(a) Every whole number is a natural number. A. MEM v6 


(b) Every integer is a rational number sei * puar p rational eis rand. an irrational 

(c) Every rational number is an integer a al alas Kw — | 1 5 

(d) Every rational number is a whole number 5.  Assertion : A rational number between n and 2 is 15. 
6. Which of the following is/are correct ? 


infini Reason :Rational number between two numbers a and b is 
(a) There are infinitely many rational numbers between 


any two given rational numbers. idi 
(b) Every point on the number line represents a unique 


real number. irt» Multiple Matching Question 


(c) The decimal expansion of an irrational number is 








non-terminating non-recursing. : DIRECTIONS : Following question has four statements (A. B, 
(d) A number whose decimal expansion is non- Cand D) given in Column 1 and four statements (p, q. r. s) in 
terminating non-recurring is rational. Column Il, Any given statement in Column I can have correct 
. matching with one or more statement(s) given in Column II. Match 
xi» Assertion & ORTA the entries in column I with entries in column Il. 
DIRECTIONS: Each of these questions contains an Assertion I. u^ l Column II 
followed by reason. Read them carefully and answer the question TL, Rem . 
L wu | A 
on the basis of following options. You have to select the one that vy 2443 (quU Huron 
best describes the two statements. 
(B) 642 — (a) 456 
(a) lf both Assertion and Reason are correct and Reason is (C) 1634 (r) 8 
the correct explanation of Assertion. (D) 7/2812 () 2-45 
(b) If both Assertion and Reason are correct, but Reason is 
not the correct explanation of Assertion. EM rs cs | 
(c) If Assertion is correct but Reason is incorrect. a 
(d) If Assertion is incorrect but Reason is correct. DIRECTIONS: Answer the following questions. 
l i l I Prove that between two distinct rational numbers a and b. 
1. Assertion : Every integer is a rational number there exists another rational number. 
Reason.: Every integer `m’ can be expressed in the form 
a 2. Locate /2 on the number line 
T 3. Find three different irrational numbers between the 
5 9 
2. Assertion : 4/2 is an irrational number. rational numbers > and ~y 
Reason : A number is called irrational, if it cannot be — * Express 25434343... in the form p/q where p and q are 
p s integers and q #0 
written in the form =. where p and q are integers and 
q 
quy. $5. If xm Y l 1 
i T ¥ = =— =. find the value of 
3. Assertion: 17? 17° -17° 7+4y3 7-443 
Reason : If à > 0 be a real number and p and q be rational Sx? -7y- 5,2. 
numbers. Then P . d! - (I 6. 


Find the square root of 10 + 24 + V60 + J/40 . 
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EXERCISE - I SHORT ANSWER QUESTIONS 
1. p--112, q=-5/2 
FILL IN THE BLANKS | 2 5 
ie a > we 3. irrational 4. çi) irrational (ii) rational 
4. conjugate 5. 9 6 = 4. Atleast one of the two given real numbers will be zero, the 
T. 2 8. rationalizing factor other may be rational or irrational. 
| | 6 6 342 243 
9. m 10. 1/5 * w2-wB 2-203 2x5 
— — 60424243) | 602 4243) 
Y (GV2) -Q/3? .— 18-12 
1. False 2. False 3. True 4. False 6G J42 B) 
5. False 6. False 7. False 8. True cd ee bt BON Ne N 
9.. Tre 10. False 6 
MATCH THE COLUMNS Therefore, 3V2 + 2/3 = 342 -a V3 
=> a--2 
l1. (4)2r (B)Os (Op (D ; 
(A) 1223 x 4 is a composite no. l Lo 
(B) a.c.d(2,7)=1 6 (1 19H [ ab 1)3 |4 
en: ! " [5|834273| | -|s| 233 « (3y 
(C) 42 is not a rational no. 
VERY SHORT ANSWER QUESTIONS = 
1. 0 X d 3. 1/5 | i [s(2+3)° | 
4. 5/3 5. a i 
6. ()-13 (ii) 0.916 (iii) 0.538461 [ss] 
7. (i) rational (ii) rational i i 
8. No, for example V4 =2 is a rational number. | s* 4 = 
9, 2-45 | | 
10. (i) 3! (ii) 561? . 7. On Rationalizing the denominator, we get 
.. 125 
n.o $ (i) S Q«42)8-45)  Q«42)8-45). G- 5) 2) 
24 216 VENERAT T9) 63 &497N3) | (37N5X2 V2) 
zn 30375 G«45)2-42) G«45)2-42) G- 452442) 
(iii) — (iv) 
i ": |. Q«J2y98-45) — (4«2«442y945- 645) 
() 2  qQi-wWsyy-«ay) |  (9-5(-2) 
12. Which whole number is not a natural number ? G (V5) x2 (V2) ) ( X ) 
12. 0 ' 
13. Find two irrational numbers between 0.1 and 0.2. _(6+4V2)(14-6V5) 84-3645 «5642 - 24V/10 
13. 0.10101001000100001 and 0.11001001000100001 4x2 8 
14. (i) terminating (ii) repeating Hence irrational. 
(iii) repeating (iv) terminating i : 
15. 37/1100 16. 0.25 and 0.2525 8. 475 *7 v48 - vi92 2-545 +5N3 -8V3 = J3(5- 2-8) 
7 13 15 31 eT" 


17. 3/4isthe greatest 18. 24'48'48'96 
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33] — TR UNIUS 
9. 342«3h6xa e 4625x44923 . 


10. . 


11. 


12. 


= 2+ rg uses da 
- 342 + 21/2 + 5422 + 93 | 


2342 «242 «542 e 2 


=(3424+541) JZ - 1/2 


yx - y! +x tX xz -y x? -( x? -y y, 


Jery sy 4883, (Vx? yy - y? 


x 29— 445 then. 


9 445 9445 
(9-445y9--4 s) 81-80 


aaa 
x 


Vx Tem V-45 - oca s 


= Jo- 44s - 44-54 2x 245 
= «5 - 2? - Jes +2) 


-(8-2)- (542) - -4 


= V5 +245 -24 24(45)? - 27 
45 «1 
24542 24541) 

p J5 41 J5+1 


=2 








LONG ANSWER QUESTIONS 


0.6+0.7 +0.47 
Let x=0.7- ; y=0.47 
=> 9x=7.7 ; 10y=4.7 


m 100y = 47.7 


98 . 
V10 + /20 + V40 - Js - /80 
= V10 + J4x5 e J4x10 -V5 -16x5 





10 +2V5 + 2410 -V5 - 44/5 
= 3/10 -3V5 = 3( V10 - V5) 


Given expression 


NEN NENNEN 5 10 + J5 
~ 30-45) Vio-Vs Vi0-V5 ~vi0+v5 











S105) _ 54 Js 


10-5 


7453 WS 2 pc 
LetI= oa 46445 ViS+3V2 


"m 745 , 10 - 43. 745410 - 43) 
wen HU naX doa — 10-3 


.7430-7x3 eo a 


a BB, 2430 -2x5 2258.0 








342 , 315-342 3430 -18 3430 -18 


z = 


Jis+3V2 45-342 15-18 3 
= - V30+6 
Now 1=A-B-C 
=  (/30-3)- (2430 - 10) - (-/30 +6) 
430 -3- 2430 +10+ V30 — 6 


2430 - 2430 -3+10-6=1 


ae -1) 





4741. J7=j] 


(y - (1)? 


8-247 -8-247 


7-1 


=> a=0andb=- 2 
3 
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6. 4+V5 | 4-45. (4*45y4445) (4-V5)(4-45) 
heads audio (4- JSy4 5) (44 J5y4- 45) 
4? + (V5)? e 2x445 4 «uy - 2x 445 
4? = (V5)? 4? - (45)? 
16-5--845 | 16- 5-845 
16-5 16-5 
21+8V5 | 21-845 
TI I. 
. 21€845421-845. 42 


1+/2 1-42 45 e 43 
"EB EB EB Boe 








_V5-V3 +2 xV5-V2xN3 | 45 43- 42x 5 - 245 


(V5 -(J3y? (V5)? - (43? 
45-43: 10-46 | 45-5 - Jio - J6 
2 


2 
2/5 - 246 
2 


x xp*24*dp-2q 
&17 p e24- [p 2 


2.) p+2q 
2./p-2q 
On squaring both sides, we get 

(x7 +1)+2x _ pt+2q 

(x? +1)-2x p-2q 
On again applying componendo and dividendo. 
we have, 

(x*+1)_ 2p 

22x — 224 

qx? +q=px 

Then, gx? -px*q = 0, 


EXERCISE - 2 


MULTIPLE CHOICE QUESTIONS 


(a) 274,351 225325 x= 1 

(c) 3. (a) 4. (d) 
(a) x 6 satisfies the given equation. 
(b) 7. (a) 8. (a) 
(a) 10. (c) H. (b) 


= 45 = V6 = 2.236 - 2.449 = —0.213 


i 


EPL- 


x-l (By componendo and dividendo) 





gp m^ p,pmm 


[35] 
MORE THAN ONE CORRECT 
1, (a) and (c) 2. (a) and (d) 
3.  (c)and (d) 4. (a),(b) and (c) 
5.  (a)(c) and (d) 6. (a), (b) and (c) 
ASSERTION AND REASON 
I. (a) 2. (a) 
3. (d) 17.1759 17245 m 177 
€ M fi 3 5 
s (0 21542) "12 


MULTIPLE MATCHING QUESTIONS 
1. (A)2ps (B)r; (Or (D)—qq 
HOTS SUBJECTIVE QUESTIONS 
l. Since a # b, therefore without any loss of generality, we 
may assume that a < b. 
Now, a« b 
By adding ‘a’ on both side, we geta ta « b ^a 
=> 2a<ath 
a< Ste à (1) 
2 - 
Again from a < b 
We have, ; 
atb«b-*b (By adding ‘b’ on both side) 
a+b 
2; 4 Aib) 
+b 





Combining (1) and (2), we get a< LRL 


Since, a, b and 2 (+ 0) are rational numbers. 
a+b 


oe cw is also a rational number. 


Thus, there exists another rational number between two 
distinct rational numbers a and b. 


2. Consider a unit square OABC (a square with each side 1 
unit length). 





C B 


1 A 
Now using Pythagoras Theorem, we have 
OB? = OA? + AB? 
= OB) = (1)2+(1)2 
= OB = V2 
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" qa 7 Pe Cer, aaa E T N Aga an , s " a 
See as ee eee re Oe 
: . A A 


Now we plot 4/2 on the number line. 
C B 





0 b Js 2 3 
When O corresponds to zero and A corresponds to | then 
clearly as above OB = 42 . 


Now using a compass with as O centre and radius OB, we 
get the point P on the number line. 


P is the required point. 


3. Consider the rational number. On dividing by 7, we get, 


7 ) 5.000000 (0.714285........ 
49 
10 


5 — 
Thus, 7 = 0.714285 ....... = 0.714285 
9 
Now, consider 11. 
On dividing by 11, we get 


11) 9.0000 (0.8181...... 


9 
Thus, 17 98181 — = 081 


Mathematics 


Three different irrational numbers between the rational 


3 9 b 
numbers 7 zand T can be 


0.75 075007500075000075......., 


0.7670767000767............ and 


0.808008000800008........... 

Let x = 2.5434343 

=> x= 2.543 

Multiplying both sides by 10 we get 

10x = 25.43 0 
Again multiplying equation (i) by 100 

1000x = 2543.43 on subtracting 

1000x — 10x = 2543.43 -25.43 

990x=2518 


Hence, 2543 43-2543 = 1223 
495 


_ -7[1+80V3 | 


Let the given expression be equal to a 4- x + yt Vz 
= 10, b = 24, c = 60 and d= 40 


bd 
can pe E 
5 








1 ead xe y 
/""2Nd 2N 40 
| d 0 

z= = = 





Vx+ y Mz = 2+ 43 JS 
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3 4.2 " 
2x- 1 We Vies | teat 


: t | 
| —-2x^-7x-3. 
| —2x* +x | 
ERES i 
6x—3 : 





CHAPTER 





PDT o... 


In earlier classes, you have studied constants, variables, algebraic expressions, terms and some basic 
algebraic operations (addition, subtraction and multiplication) of polynomials. You have also studied 
to factorise simple algebraic expressions and use of simple algebraic identities in the factorization of 
algebraic expressions. 

In this chapter you will study the polynomial which is a particular type of algebraic expression and 
various terminology related to it. You will also study the Division of Polynomials, Remainder Theorem, 


Factor Theorem, some more Algebraic Identities and their uses. 
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POLYNOMIAL 
An algebraic expression in which the variable involved has only non-negative integral power, when the variable in any term is in 


5 
numerator, is called a polynomial. For example: 3x4 — 52 + x — 10, 5x + 3, :2 4 2x - 5, X -2x eo, Bx! - é - 
2 3 
But 33 + 2Vx — 7, 5x4 F: + 243, 7x3 — 5x2 +3 and: + 2x! x — 1 are not the polynomials, because 


l 
(a) in3xw + 2x -7, 2dx isaterm. 2vx means 2x2, hence the power of x is not a non-negative integer. 


à; 2 2 
A 2 A -ve i 
(b) in$^-—4 245, -7z Isa term. -—> means 22x, hence the power of x is not a non-negative integer. 
X x x 
3 3 ‘ 
(c) in73- 5x2 +3,— 5x2 isa term. The power of x is > which is not a non-negative integer. 


(d) inx? + 2x-4+ x— 1, 2x4 is a term. The power of x is — 4, which is not a non-negative integer. 
The standard form of the polynomial in any variable x is aX" * a, jx! a, Xx"? + asx + ay + ax + ag. Here ag, a), ap, ... 


a, are real numbers and all the index (or power) of x are non-negative integers a,, a, 1, Q, ». +--+» 


a}, a, dj are called coefficients 
of x yh, xP. gx, x? and, a, is called constant term. In the standard form of the polynomial in any one variable, terms 
are written in decreasing order of indices of x. The highest index n if a, *: 0, is called the degree of the polynomial. In particular, if 
ay = a, =a, =a} = ...,- a, —O (all the constants). We get the zero polynomial, which is denoted by O. The degree of zero polynomial 
is not defined. A polynomial may has one or more terms. If a polynomial has only one term, which is a non-zero constant, then the 


degree of this non-zero constant polynomial is zero. For example 5, 43 ‘ -2 are constant polynomial of degree zero, because 5, 


V3 and - can be written as 5x°, 4/3 x? and -2e respectively. 


If a polynomial involves two or more variables, then in standard form terms are written in decreasing order of indices of 
the variable which is comes earlier in alphabatic order. To find the degree of such type of polynomial, sum of the power of all the 
variables in each term is taken up. The highest sum so obtained is the degree of the polynomial. For example Sx? — 732 + V5 y! 
and 7x5y — 342. xy® +8 are polynomials in two variables x and y in standard form. The degree of the first polynomial is 6 and the 
degree of the second polynomial is 7. 


Variables are generally represented by small English alphabets which comes generally after the middle alphabet in the 
' alphabetic order. 

: If there are two or more small English alphabets are involved in a polynomial, out of which some alphabet(s) come(s) earlier 
: and other(s) come(s) after long gap of in alphabetic order, then the earlier alphabet(s) repersent(s) the constant and the other(s) 
: repersent(s) the variable(s). Generally all capital English Alphabets repersent the constants. 
! 


1 
A variable raised to any non-zero real number is also a variable. For example x?, >, x*5. etc. 


" : s 4 
|! A number which is the product of a constant and a variable is also a variable. For example V5x° ,—4x5, 2x7 ete. 
! . * t ô . = 5 
A combination of two or more variables separated by a (* or —) sign is also a variable. For example xX — 42, x + 2n, 


V 5x? + y , etc. 


TYPES OF POLYNOMIALS ON THE BASIS OF THEIR DEGREE 
(I) LINEAR POLYNOMIAL | 


A polynomial of degree one is called a linear polynomial. The general form of a linear polynomial is ax + b, where a and b 
are any real constants and a # 0. . 


Example: 3x * 5 is a linear polynomial. 
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(I) QUADRATIC POLYNOMIAL 


A polynomial of degree two is called a quadratic polynomial. The general form of quadratic polynomial is ax? + bx + c, where 
a s 0. 


Example: 2y? + 3y — 1 is a quadratic polynomial. 
(II) CUBIC POLYNOMIAL 


A polynomial of degree three is called a cubic polynomial. The general form of a cubic polynomial is ax? + bx? + cx + d, where 
a * 0. 


Example: 6x? — 5x2 + 2x + 1 is a cubic polynomial. 
(IV) BIQUADRATIC POLYNOMIAL 


A polynomial of degree four is called a biquadratic polynomial. The general form of a biquadratic polynomial is ax^ + bx? + 
cx? + dx + e where a 7 0. 


Example: x* —2x2 + J3x +2 is a biquadratic polynomial. 


A polynomial of degree five or more than five does not have any particular name. Such a polynomial usually called a poly- 
nomial of degree five or six or 


TYPES OF POLYNOMIALS ON THE BASIS OF NUMBER OF TERMS OF THE POLYNOMIAL 
On the basis of the number of terms of the polynomial, the polynomial is named as follows: 
(A) MONOMIAL 
A polynomial is said to be a monomial if it has only one term. 
For Example: -3x?, 5x3, 10x are monomials. 
(B) BINOMIAL 


A polynomial is said to be a binomial if it contains two terms. 
For Example: 2x? + 5, 3x? — 7, 6x? + 8x are binomials. 
(C) TRINOMIALS 
A polynomial is said to be a trinomial if it contains three terms. 
For — 3x7 -8x+2 , Ax? +8x4 -3x*, 5—7x+8x , etc, are trinomials. 
There is no specific name of the polynomial which has more than 3 terms 


Illustration 1 : Which of the following expressions is/are polynomial(s)? 


5 R 3 
(a 5x*-3x+9 (b) =x? sa 43x71 (5... 4* 542-1 (d  J2x*4x4-7 
SOLUTION , 
(a) and (b) are polynomials. 


Illustration 2 : Write down the degree of the following polynomials. 
| (a) 3x+5 | (D 32-5r«96 () 2-y-y+2,4 
SOLUTION 


(a) The highest power term is 3x and its exponent is 1. 
degree of 3x * 571 


(b) The highest power term is 9/^ and exponent of t is 4. So, degree of the given polynomial is 4. 
(c) The highest power of the variable is 8. So, the degree of the polynomial is 8. 


Illustration 3 : Write the following polynomials in standard form: 


(a) x -3x + J2x+ Sx? eT +4 (b) 5x* -2x+5+VJ3x 
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SOLUTION 


The given polynomials in standard form are: 
(a) x°+7x5 ~3,4 E + V2x+4 


(b) 5x*4(43-2) x«5 


VALUE OF A POLYNOMIAL 


A polynomial in any variable x is symbolically may be repersented by P(x), f (x). ..., (etc.) ' 
The value ofa polynomial P(x) at x = a is obtained by substituting x = æ in the given polynomial and is denoted by P (o). 
Consider the polynomial P(x) = 5x3 — 2x2 + 3x —2 B 
If we replace x by | everywhere in P(x), we get 
P(1) 25x (13 -2x (12 +3 x (1)-2 
=53-2+3-2=-4 
So, we say that the value of P(x) at x = 1 is 4. 


ZEROE(S) OR ROOT(S) OF A POLYNOMIAL ! 

If value of a polynomial P(x) at x = œ is 0 i.e., P(a) = 0, then at is called the zero of the polynomial P(x) 
Let f(x) = 2x? - x — 1 is a polynomial 

Now, f(1)=2 x (1)?-(1)-1=0 

Hence, x = | is a zero or Root of the polynomial f (x). 

(a) Every real number is a zero of the zero polynomial 

(b) A non-zero constant polynomial has no zero. 

(c) Every linear polynomial in one variable has a unique zero. , 

(d) Every quadratic polynomial in one variable has two zeroes. 

(e) Every cubic polynomial in one variable has three zeroes. 


Illustration 4 : If x -$ is a root of the polynomial f(x) = 6x? — 11x? + kx — 20, then find the value of k. 


SOLUTION 
f(x) = 608 -— 11x? +kx-20 


3 2 
4 4 4 4 
—|=6/—] -11]—| +k|=|-20=0 
s(5}=6($) (3) (3) 
64 16 4k 
6| — nm be 200 
ds E 5 3 
=> 128-1764 12k—180-20 


=> 12k+128-356=0 
=> 12k=228 => k=19 


Illustration 5 : If x = 2 and x = 0 are roots of the polynomials f(x) = 2x2 — 5x2 + ax + b. Find the values of a and 5. 
SOLUTION 
f (2) = 2(2)> — 5(2)* + a(2) +b =0 
=> 16-20+2a+b=0 
=> 2at+b=4 
f (0) = 2(0 - 5(0)? + a(0) +b =0 
=> h=0 => 2a-4 => a=2 
a=2,b=0 
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TO FIND THE ZERO(ES) OF A POLYNOMIAL 


To find the zero(es) of any polynomial (except zero polynomial and constant polynomial) put the polynomial equal to zero and solve 
them. 


FACTORIZATION OF A QUADRATIC POLYNOMIAL BY SPLITTING THE MIDDLE TERM 
To Factorize Quadratic Polynomial: ax? + bx + c | 
(i) Take the product of the constant term and the coefficient of x? i.e., ac. 


(ii) Now this product ac is to split into two factors m and n such that m + n is equal to the coefficient of x i.e., b. 
(iii) Then we pair one of them, say mx, with x? and the other nx, with c and factorize. 


Illustration 6 : Factorize 2x? + 5x — 3 by splitting the middle term. 


SOLUTION 
Here, 2 x (-3) =— 6 =6 x (-1) 
and 6 + (-1) =5 


2x? + 5x -3 =2x2 + 6x - x - 3 
= 2x(x + 3) - I(x +3) 
=(¢+3) 0x- 1) 
REMAINDER THEOREM 


Let p (x) be any polynomial of degree greater than or equal to one and let a be any real number. If p(x) is divided by the linear 
polynomial x — a, then the remainder is p(a). 


DEDUCTION | 
If a polynomial p(x) is divided by (x + a), (ax — b), (ax + b), (b — ax) then the remainder is the value of p (x) at 
t uuu) 
x--a,—,-—,— ie,pl -J,pl - -] pl.) are remainders respectively 
a a a a a a 
Illustration 7 : Find the values of a and b:so that the polynomial x? + 10x? + ax + b is exactly divisible by (x — 1) as well as 
(x + 2). 
SOLUTION 


Let p (x) =x + 10x? + ax + b 
Now, (x - 1) is a factor of p (x) = p(1)=0 
And (x + 2) is a factor of p(x) = p(-2)=0 
Now, p (1)=1?+10x1?+ax1+b=11+a+b 
And p (-2) =(-2)? + 10 x (22? + a(-2) + b =32 -2a + b 
So, we must have 
ll+a+5=0 ..(1l) 

and 32-2a+b=0 ...(2) 
Subtracting (2) from (1), we get 3a- 21 200ra77 . 
Putting a = 7 in (1), we get b=-18 

a=7 and b=-18 


FACTOR THEOREM 
If P (x) be a polynomial of degree greater than one and f (a) = 0, then (x — a) is a factor of f (x). 


Also if (2}=0 then ( x-Ż] L, ~(ax-b) is a factor of f (x). 
a a 


Here a and b are constants. 
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USE OF FACTOR RON M 
THE TERM 
Let f(x) be the given polynomial whose one of the term is constant term - 
(i) | Let the constant term in f (x) be 3 or- 3. 

Then, its factors are 1, -1, 3 and -3. 

See which one of these factor is zero of the polynomial f (x). 

If f (1) =0, then (x — 1) is a factor of f (x) 

If / (-1) = 0, then (x + 1) is a factor of f (x) and so on. 
(ii) Let the constant term in f(x) be4 or- 4 

Then, its factors are l, 21,2, -2, 4 and - 4 

Find f (1), f(-1), f 2), f (-2), f (4) and f (— 4) | ' 

l See which one of the factor is zero and find the factor of f (x) as mentioned above. 
Similarly, by taking the factors of the constant term in any given polynomial, we can find a linear factor of f (x) by hit and trial 


method. 
Illustration 8 : For what value of ‘a’ is (x — 2) a factor of f(x) =x2_ax+6, 
SOLUTION i 
If (x — 2) is factor of f (x), then f(2)=0 [By factor theorem] 
fQ)-Q-aQ)*6-0 | | 
4-2a+6=0 
a=5 
llustration 9 : Use the factor theorem to factorize x? + x — 4x — 4 completely 
SOLUTION 
Let f(x) =x +x? -4x-—4 
The constant term in f (x) is — 4 
Its factors are 1, 1, 2, 22, 4 and — 4 
Now, f/(2) 2224 22-4x2-4-0 
(x — 2) is a factor of f(x) 
On dividing f(x) by (x — 2), 
xx)-4x-4[ x2 4+3x4+2 
3-22 ( 


^ f(x) =(x-2) (x? +3x+2) 
-(x-2) [xà +x+2x42] 

= (x -2) [x(x * 1) * 2(x *1)] 
z(x-2)(x*2)(x^1) 
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ALGEBRAIC IDENTITIES 





Some important Algebraic Identities, which are used in factorization, simplification and to find the product of polynomials are given 
below: 


(i) +y =x 2xy y? 
(ii) (x-y) =x- 2xy + y? 
(iii) x-y? = (x+y) (x - y) 
(iv) (x +a)(x+b)=x?+ (a+ b)x+ ab 
(v) (x+y+z)} =x + y? +22 + Axy + 2yz + 2zx 
(vi) (xt yy 2x +y + 3xy (x y) 
=x y) 3x2y + 3x 
(vii) (x — y =X -y - 3xy (x-y) 
=x y —3x2y + 3xy? 
(viii) x3 + 3 + 23 — 3xyz = (x + y +z)(x2 + y? + 22 - xy - yz - zx) 
Special Case 
If x - y * z 2 0, then x? +y? +23 = 3xyz 


Illustration 10 : Use a suitable identity to factorise each of the following : 
(a) 4x? +4xy+y? (b) .25p?— 369” 


() x-y +2x+1 (d) 4a?—4b?+4a+1 
SOLUTION 


(a) Consider 4x? + 4xy + y? = (2x)? + 2 (2x) (y) + 9»? 
=(2x + y)* = (2x + y) (2x + y) 
(b) Consider 25p? - 36g? = (Sp? - (69? ~ 
= (5p + 64) (Sp — 6q) (Using Identity (iii)) 
(c) x2-242x € 1232 & 2x & 1 - 
=(x +1} -F -2(*1-4y)G*1-y) 
(d) 4d- 4b? + 4a + | =(4a2 + 4a + 1) - 4b? 
= {(2a)? + 2(2a) (1) + (13 - (2b)? | c 
= (2a + 1)? — (2b)? = (2a + 1+ 2b) (2a + 1- 2b). (Using Identities (i) and (iii)) 


(Using Identity (i)) 
(Using Identities (i) and (iii)) 


Illustration 11 : Simplify : (a + b)? + (a — b)? + 6a(a? — b?) 
SOLUTION . 
Consider (a + b)? + (a — b? + 6a(a? — b?) | 
= (a + by + (a - b + 3(2a) (a + b)(a — b). (Using Identity (iii)) 
= (a+ b + (a — b)? + 3(a + b) (a—b) ((a + b) + (a - b)) 
= ((a +b) + (a - b)? 
= (2ay = 82? 


(Using Identity vi) 
Illustration 12 : Factorise 
1 \ 1 1 
(a) 2a! +6? += ab (b) a^ - ab - b! ©  p-phae«-pq!-—q4 


3 27 
SOLUTION 


2 
(a) Consider Aa? +b? «aab = (2a) + (b)? +2(2 a) (b) 


à $ 
- (2a B b) - (2 + b) (2a + b) (Using Identity (i)) 
3 
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A l 2 
(b) Consider a? ~ab+— 6? bal (+s) N (+>) 


(2-34) = (9 
[i-r - a—7b a-b) (Using Identity (ii)) 


; l l l l 
(c) Consider p - p*q+— pq? -— p 2,3 13. 2,1, 
P4 3 ^4 371 P 274 PST M 


- (p? - (Lo) -> Bi 
=(p 34 -3p 34 p-44) = (»-44] (Using Identity (vii)) i 


Ne- 


Illustration 13 : Factorise : (a+b-c)+(a-b+c)-8a3 

SOLUTION 

(a+ b-cP+(a-b+cP-8a=(at+ b- cy - (a- b * c) +(—2a)3 
—-3(a*tb-c)(a-b-*c)(-2a) (* (a + b—c)+(a—b+c) * (- 2a) - 0) 
=—6a(a+b-c)(a—b+c) 


Illustration 14 : Evaluate each of the following using suitable identities : 


(i) (104) | (ii) (9999 
SOLUTION 
(i) We have 


(104)? = (100 + 4} = (100)? + (4)3 + 3(100) (4) (100 + 4) (Using Identity (vi)) 
| = 1000000 + 64 + 124800 = 1124864 j 
(ii) We have 
(999)3 = (1000 — 1)? = (1000)? — (1)? —3(1000)(1)(1000-1) ^ (Using Identity (vii)) 
= 1000000000 — 1— 2997000 = 997002999 


DIVISION OF A POLYNOMIAL BY A POLYNOMIAL 


To divide a polynomial by other polynomial, the degree of the dividend will be either equal or greater than the degree of the 
divisor. 


(A) DIVISION OF A POLYNOMIAL BY A NON-ZERO, NON-CONSTANT MONOMIAL 


To divide a polynomial by a monomial, divide each term of the polynomial by the monomial. 


Illustration 15 : Divide 12x4 — 153 + 6/3x by 3x 
SOLUTION 


12x* -15x +6V3x 
3x 


_ 12x4 15x? | 6V3x 
3x 3x 3x 


(0 248-504243 — 
(B) DIVISION OF A POLYNOMIAL BY A POLYNOMIAL (NON-MONOMIAL) 


(i) Factorization Method 
To divide one polynomial by other polynomial (non-monomial), factorize the 
tors f$ equal the polynomial by which we want to divide. 











polynomial to be divided so that one of the fac- 
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Illustration 16 : Divide 6x? + x — 12 by 2x +3 
SOLUTION 


6x? *x-12 B 6x? +9x -8x-12 
2x 3 2x3 


_ 3x(2x +3) - 4(2x +3) 
2x+3 


_ (2x+3)3x-4) _ 
2x+3 
(ii) Long Division Method 


(a) First arrange the terms of the dividend and the divisor in the descending order of their degrees. 


3x -—4 


(5) Now the first term of the quotient is obtained by dividing the first term of the dividend by the first term of the divisor. 

(c) Then multiply all the terms of the divisor by the first term of the quotients and subtract the result from the dividend. 

(d) Consider the remainder as new dividend and proceed as before. 

(e) Repeat this process till we obtained the remainder which is either 0 or a polynomial of degree less than that of the divisor. 


Illustration 17 : Divide 2:2 — 332 + 7x 3 by 2x - 1 


SOLUTION 
20 -3x! 47-3 
à) Rs t vere 
- + 
-2x!47x-3 
-2x +x 
+ — 
6x—3 
6x —3 
- — + 
0 


(2x3 — 3x2 + 7x -3)+(2x-1) 2:2 - x &3 
Quotient = x? — x +3 


Remainder = 0 


Illustration 18 : Divide 3x° — 4x7 — 7x — 5 by 3x +2 








SOLUTION 
3x3- 4x2 — 7x - 5 
+ x2-2x-]l 
S RS e 
- 6x2- 7x- 5 
- 6x?- 4x 
+ + 
-3x-5 
-3x-2 
+ + 
-3 


11 
Quotient = x? + 2x - ri 


Remainder = -3 
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Solved Examples 





Find a and f if x + 1 and x + 2 are factors of p(x) 7 x? + 3x2 - 2ax + B. 
SOLUTION : Put x +1 20 orx -— l andx+2=0orx=-2 in p(x) 
Then, p (-1) = (-1? +3 (-1)?- 2a (-1) - B4 0 
=> -1+3+2a+B=0 
=> --2a-2.. (1) 
| p (2) = (-2} + 3 (-2? - 2a (22) +B =0 
=> -8+12+4a+B=0 | 
=> B=-4a-4 l , sse (2) 
By equalising both of the above equation | 
-2a-2=-4a-4 


= 2a=-2 => =-] 
a=—1 putineq. (I) => B =-2(-1)-2=2-2=0. | 
Hence, a —-1,8 20 \ 


What must be subtracted from x? — 6x? — 15x + 80 so that the result is exactly divisible by x2 x — 12. 


SOLUTION : |n p(x) 7 x? — 6x? — 15x + 80 we subtracted ax + b so that it is exactly divisible by x? + x — 12. 
s(x) = xo — 6x? — 15x + 80 — (ax + b) 
= x3 — 6x? - (15 + ay + (80 — b) 
Dividend = Divisior * quotient + remainder 
But remainder will be zero. 
Dividend = Divisor x quotient 
s(x) = (x? + x — 12) x quotient 
s(x) = x? - 6x? — (15 + ay + (80 — b) 
=x (x2 +x- 12)-7 (x? * x- 12) 
= x3 + x2 -7x - 12x - 7x + 84 ! 
= x3 — 6x? — 19x + 84 : / 
Hence, x? — 6x? — 19x + 84 = x? - 6x? - (15 + a)x + 80- b | 
= ~-15-a=-19 | 
=> a=+4 
and 80—-5-84 — b-2-4 
Hence, if in p(x) we subtract 4x — 4 (= ax + b) then it is exactly divisible by x? + x — 12 


Y J: 


Alternative Method 

x2+x—-—12 \ 9-62-15x 4 80 [ x -7 
x3 x? - 12x 
=æ = E 
-7x2 -3x+80 . 
- 7x) - 7x + 84 | 
+ + - C 

4x-4 


So, if we subtract 4x — 4 from dividend (x? — 6x? - 15x + 80), then dividend is exactly divisibly by x2 +x- 12 
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Find the value of (99)?, 


. 


SOLUTION : (99) = (100 - 1)? 
= 100? — 2(100)(1) + (1)? = 10000 — 200 + 1 = 9801 


EE Factorize 6x2 - sxy - 4y? +x + 17, - 15. 
SOLUTION : 6x? - Sxy — 4y? +x + 17y- 15 

= 6 + x[1 - Sy] - [4y? - 12y - 5y + 15] 

= 6x? + x[1 - Sy] - [4y - 3) - 5S% - 3] 

= 6x" + x[1- Sy] - (4y - 5) (y - 3) 

= 6x? + 3(y - 3x - 2(4y - 5x - (4y - 5) (y - 3) 

= 3x(2x + y - 3) - (4y - 5) (2x + y - 3) 

= 2x + y - 3) (àx - Ay + 5) | 





Use the factor theorem to factorize x? + x? — 4x — 4 completely. 
SOLUTION : Let f (x) =x? + x2 - Ax - 4 
The constant term in f(x) is — 4 
Its factors are 1, —1, 2, -2, 4 and - 4 
Now, f(2)-22422-4x2-420 
(x — 2) is a factor of f(x) = x3 + 32 - 4x — 4 


On dividing f(x) by (x — 2), 


=) w+3x2-4r-4 pe 
x -28 


f(x) » (x -2) 43x 2) 


= (x-2) x? - x 42x42] 


= (x -2)[x(x * I) - 2(x *1)] 
= (x-2)(x+2)(x+1) 


| Example 6: | Solve : 0.645 x 0.645 + 2 x 0.645 x 0.355 + 0.355 x 0.355 


SOLUTION ; 0.645.x 0.645 + 2 x 0.645 x 0,355 + 0.355 x 0.355 
= (0.645)? ¥ 2 x (0.645) (0.355) + (0.355)? 
j^ = (0.645 + 0.355)? = (1)? = I 


Nera 9 
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2 
Factorize : x? «t Aja " 
a 








a a 


2 
SOLUTION : 2-.{2 =). A ja 


l 
= Oars. lee EE TRT x (xa) (+3) 
a a 7 


Solve ; 0.73x0.73 —0.27x 0.27 


0.73 — 0.27 


sorurion « 0.13x0.73-0.27x027 — (0.73)? - (0.27? 


. 0.73-027 | 0.73-0.27 
_ (0.73+0.27) (0.3-0.2) |... 
(0.73-0.27) eee 

Factorize : xý — 7.3 -8 
SOLUTION : x6 — 733 —8 = y? — 7y — 8, where x3 = y 

= -8y+y-8 

= 9-8) + 1-8) 

=(y-8) (+1) 

= (à - 8) (x + 1) [ y=x] 


= (x3 — 23) (à + P) 
= (x — 2) (x? + 2x + 4) (x + D) (2 2x +1) 


FRIES Using remainder theorem, find the remainder when x? + x2 — 2x + 1 is divided by x-3. 
SOLUTION : Let p(x) =X * x? - 2x * | 
By remainder theorem, we know that p(x) when divided by (x — 3) gives a reraainder equal to p(3) 
Now. p(3) 2 (23432-2x3*1]2 2749-6 1) 231 
Hence, the remainder is 31. 


eerie aM Divide : 3x4 + 22 — Sx? + 3x + 1 by 2x 





SOLUTION : : | 
2x | 3x4 + 28 - 532 + 3x + 1 | (32) + x? - (5/2)x + (3/2) 
3x4 
2x3 — 5x2 + 3x * | 
2x3 
- Sx? + 3x + | 
— 5x? 
3x+ | 
3x 
| 
— 32 +x? ei and remainder = | 
Quotient = 2 2 2 e 
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BE Factorize & + 27)? + 36d, + 549? 


SOLUTION : The given expression can be written as 
(2x) + (y + 3(4x7) By) + 3(2x) (9? 

= Qx)! + 3) + 303)? 3) + 30:93 

- (x 3yp 

= (2x + 3y) (2x + 3y) (2x + 3y) 





a 
1 A f. Wa »t* 
Ag wibesgo a BANOO “ee lae T 


Are BEEE Factorize : xX — 23x? + 142x - 120 


SOLUTION : Let p(x) = xX — 23x? + 142x - 120 
We shall now look for all the factors of — 120. 
Some of these are + 1,4+2,+3,44,4+5,+6,+8,+10,+ 12, + 15, +20, + 24, + 30, + 60 
By trial, we find that p(1) = 0. So x — 1 is a factor of p(x). 
Now we see that xX — 23x? + 142x — 120 = © 32 — 22x? + 22x + 120x — 120 
= x2 (x - 1) - 22x (x - 1) + 120 (x - 1) 
= (x — 1) (x? - 22x + 120) [Taking (x — 1) common] 
We could have also got this by dividing p(x) by x - 1 


Now, x? — 22x + 120 can be factorized either by splitting the middle term or by using the factor theorem. By splitting the middle 
term, we have : 


xb 2x 120 =x? — 12x - 10x + 120 
-x(x-12)- 10 (x- 12) 
- (x— 12) (x- 10) 
So, xX -23x + 142x - 120 = (x - 1) (x- 10) (x — 12) 


Find the value of p and q, if (x 3) and (x — 4) are factors of x- px — qx * 24. 
SOLUTION: 
Let f(x) =x - pr - qx + 24. 
Since, (x + 3) is a factor of f (x), so by factor theorem, /(- 3) - 0 
f C3) * C3? - p C3? - 4 (03) + 24 -0 
-21- 9p * 3g +24=0 
-3p+q—-1=0 AC) 
Similarly, if (x — 4) is a factor of f (x), then f (4) = 0 
(4P - p(4) -q (4) + 24 7 0 
64 - 16p- 4q + 24-0 
-4p-q+22=0 vow ht) 
Solving eq. (1) and (2) 
-3p+q-1=0 
-4p-q*22-70 
Adding, -7p* 21740, . p=3 
Substituting, p = 3 in eq. (1), we get- 3 (3) * 4-1 ^0 
. , g=10 
p=3andq=10 
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Paine op One RES — Il gives remainder when x3 3c 3x | is divided 
u» ill in the Blanks oto M i > ie a given in column I, match them correctly. 
ENEMIES n Il 
DIRECTIONS: Complete the following statements with an ze pe - er 
appropriate word/term to be filled in the blank space(s). 
(B) x (q) -27/8 
l. A polynomial of one term is called a ................ 
2. A polynomial of three terms is called a ................ i) x 2 dii 
3. Wx? - 882 + 14r? is called a ooo... polynomial. (D) 5-4 2x (s) 0 
4. The degree of the polynomial 73 r! is... l 2. Column II gives value of k for polynomials given in 
S. A polynomial of degree one is called a .......... polynomial column I when it is divided by x — | match them 
6. A polynomial of degree three is called a ........ polynomial. correctly. 
7. WMatb*cz-70,thena «»P-)..2. Column I Column II 
8. Factors of x? -y is a. ! (A) k* - 3 K ipi cs 
9. x -a is a factor of the polynomial p(x), if p(a) = ............. (B) x2+x+k (q) 3/2 
10. The remainder obtained when 803 + 55x? + 20x + 172 is (C) 2x2 + p. 4-2 (r) di ee 
divided by x + 2 is ................ à] p du. afa 
Il. The quotient of &x? - 7x7 + Sy when divided by a " 
$ed S 3. Column II gives factors for expression given in column | 
"n match them correctly. 

12. The square root of uU A dd ee - ColumnI Column II 
13. The factors of a? + 5? + c? —3abc are voces (A) 9x? Gr y? (p  (2v*3y- 42)2x + 3r - 47) 


a 2424-142 FA E 
aA QwelJalse — c | en ar ep edere wp (x12) (x z) 


12xy — 24vz — l6xz 








DIRECTIONS: Read the following statements and write your (C) 278 + +23 _ 9nz (r) (3x + y+ z) (9x2 +y? 
answer as true or fulse. E +2? — 3xv — yz — 3m) 
|l. Sx 4? + 2r + 3 is a polynomial over integers. (D) x US (s) (3x+y) (3x4 y) 

2. 38 S5xr-6isa polynomial of degree 2. IO EPIRI | 

3. 78-38 42x +5 isa polynomial. tn. | Veuy Short Anser Questions 

4  2y -J2r*1-6»? is a polynomial. | —À 3 

5. When x? - 6c:* 9x + 7 is divided by (x - 1) remainder DIRECTIONS: Give answer in one word or one sentence. 


— i aj l. Check whether —2 and 2 are zeroes of the polynomial 
6. The degree of a constant polynomial is 1. ME poly 
.7. Every binomial is a polynomial. š ; o. 
a nde A E Vm - ; 2. Write the following polynomial in standard form: 
- . * * ' “ree 
à very inomia is a po ynomia of degree 2. m! + 8m5 + 4m® + 6m — 3n — 11 
9, Every polynomial is a binomial. 3 


Evaluate (104)? using suitable identities 
10. V3x7 +1 Lv +63 = (x 343) (3 2) 4. Factorize : 49a? + 70ab + 25b? 
5 


Factorize : 25x?  60vy + 36\2 
rio» Match the Columns 6. Factorize;x5-y —— | 
7. Factorize : xy - 32 + xz = 3v 
DIRECTIONS: Fach question contains statements given in 8. Factorize : axb + axe + 3aby + 3acyv - Sb - Sc 
two columns which have to be matched. Statements (A, B. C, D) 9 Find the value of 492 l 


in Column I have to be matched with statements (p, q. 5. 5) in 10. Factorize : (a -- 2b) ~ a 4 31 
. 2 -— a - Jb 
column Il. " 





. . i] 
Factorize : v. a2. yz s 4-22 
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12. Factorise the following using appropriate identities : 
9i + 6xy y? 

13. Expand the following using suitable identities : 
(— 2x + 3v + 22} 

14. 1f4 7.3, B2 4 +x- 1, then find AB. 

15. Find the remainder when x!> is divided by x — 2. 

16. Factorize a?b — al». 


17. The degree of a polynomial A is 7 and that of polynomial 
AB is 56, then find the degree of polynomial B. 


18. Use the Factor Theorem to determine whether q(x) is a factor 


of p(x): p(x) = 242 x +5x+ V2,4(x) =x+2 


Qum AV dE 


iro» Short Answer Questions — 


DIRECTIONS: Give answer in 2-3 sentences. 








1. Evaluate the following products without multiplying 

directly: 

(i) 103 x 107 (ii) 104 x 96 
2.  Factorize : 

2x(a — b) + 3y(5a — 5b) + 4z(2b — 2a) 
3.  Factorize: x? - (a " 4) xt 

a 
4.  Factorize: 6a?b?x — 48abx + 96x 
à; 2 2 
&. E i T : 0,b x0 
. t è , * 
actorize abb 3 9a —^a 

6.  Factorize: 4x2 — 43x +3 
7.  Factorize: 3.7 x 3.7+3.7 x 2.6 + 1.3 x 1.3 
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0.564 x 0.564 — 0.436 x 0.436 
0.564 — 0.436 


9. Factorize : 9x°y + I1? + 20? 


8.  Factorize: 


i 2af HS jets 
10. Factorize : b E d d' 


11. Factorize : 12(a + 1 -25(a + 1)(6 + 2) * 12(b + 2)? ` 

12. Find the value of à? + b? + c? — 3abc, given that 
a+b+c=10and a + 5? +c? = 83. 

13. Factorize : x4 +x — 7:2 -x +6 

1d. If 4-3, B=4e * x l, C= x 1, then find (A — B) 
(A - C). 

15. Factorize : (a - b + (b— cy + (c— ap 

16. Ifx= i is a root of the polynomial f (x) = 68 — Ix? + 


kx —20 then find the value of k. 


17. Find the remainder when 5x2 + 3x + | is divided by 2x using 
long division method. 


18. Check whether 7 + 3x is a factor of 3x° + 7x. 


<>F stun te Ea eae ee pr meae c9 


WE Long Answer Questions- 


oe EPONA I 








DIRECTIONS: Give answer in four to five sentences. 





1. Solve 2(x +3)? + 9(x+3)+9 
1. Given f(x) =x + 52 + 2v-8. 
Find (i) f(1) (it) f(-2) (iii) A- 4). 
Hence find all the factors of f (x). 
3. Show that (3x — 2) is a factor of (3x + x? - 20x + 12) 
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————————— 
DIRECTIONS: This section contains multiple choice questions, 


Each questions has 4 choices (a), (b), (c) and (d), out of which 
ONLY ONE is correct. 





l. 


In method of factorization of an algebraic expression. Which 
of the following statement is false ? 


(a) Taking out a common factor from two or more terms 
(b) Taking out a common factor from a group of terms. 
(c) By using remainder theorem 

(d) By using standard indentities 

Factors of polynomial x? — 3x? — 10x + 24 are 

(a) (x-2)x*3)x-4) (b) (x*2)(x-*3)x- 4) 
(c) (x*2)x-3)x-4) (d) (x-2)x-3)x- 4) 
The values of a and b so that the polynomial 

x) — ax? — 13x + b is divisible by (x + 1) and (x — 3) are 
(a) a=15,b5=3 (b a=0,5=-12 

(c) a=-3,5=15 (d) a=-12,5=0 

Factors of a? — b + ab — a are 

(a) (a-bYa- 1) (b) (a-* b)(a- 1) 

(c) (a-bYa-1) (d) (a+b)Xa+ 1) 


l 
. E -— 2 
Expansion of E J IS 


l 2 l 
@ res O at 


(c) 2+2 (d) ze 

If x? — x — 42 = (x + K)(x + 6) then the value of & is 
(a 6 (b) -6 

(c) 7 (d -7 


2 
l " 
If (x-+} =x +x+—> then the value of x is 
x 


x 
(a) -2 (b) 2 
(c) 2x (d) -2x 


If one factor of 5 + &x — 4x? is (2x + 1) then the second 
factor is 

(a) (5 +2) 

(c) (5-22 
Expansion of (a - by! is 
(a) a)*2ab-* b? 

(c) a?-2ab- b? 


(b) (2x-5) 
(d) -(5*2x) 


(b a?^*2ab-b? 
(d) aè -2ab + b? 


Il. 


12. 


13. 


14. 


15. 


16. 


Factors of x? — 7x + 12 are 


(à) (x-3)(x +4) (b) (x-3)Yx-4) 

(c) (x*3)x-4) (d) (x+3)(x+ 4) 
If x 2 2, y=- 1 then the value of x? + 4xy + 4y? is 
(a) 0 (b) 1 

(c) -1 (d) 2 

If one factor of a(x + y +z) + bx + by + bz is 


(x + y + z) then the second factor is 
(a) ax+ay+az (b) bx +by+ bz 
(c) bx-*by- bz (d) a+b 


2 
Factors of : ee (2-2) 22-29] 
4 
* (42-4 y+4x-9} (5 4 3z - y 4 2x) are 


a az- + 4x9) 


ce) (l-x) 42+ 42+ 4x-9) 


» 
e a-»(a-5 
4y 
(b) (1+ x) nh c HA 
X 
© a-»[ 
4y l 
(d) (+x) kair T ak 
The polynomials ax? + 3x2 — 3 and 2x3 — 5x + a when divided 


by (x — 4) leaves remainders R, and R, respectively then 
value ofa if 2R, - R» 7 0, is 


18 18 
@ 7127 e 33 
0 l12- 17 
© 127 @) -3 


The value of n for which the expressions 9x4 — 12:3 — nc 
— &x * 4 becomes a perfect square is 


(a) 12 (b) 16 
(c) 18 (d) 24 


If x? + xy - 3? +x + ay - 10 (2x + 3y + b)x - v - 2), 
then the values of a and b are 


(a) llandS (b) land-$5 
(c) -land-5 (d) -1l and 5 


The expression x? + px +q with p and q greater than zero 
has its minimum value when 


(a) xw» (b) x=p 
(c) xp (d) x--p2 
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DIRECTIONS: This section contains multiple choice questions. 


Each question has 4 choices (a), (b), (c) and (d), out of which 
ONE or MORE may be correct. 





1. Factors of polynomial 12x? — 7x + 1 are 
(a) Qx-1)4x-1) (5) (4x +1) àx- 1) 


e DD) e re 


2. Which of the following polynomials has a degree 3 ? 

(a) 230-5x2+ax+b=0 (b) 6! 11x? + kx - 20 

(c) 3x48-4 O 3X2 -x 
3. Which of the following is/are not false? 

(a) Highest power of the variable in a polynomial is the 
degree of polynomial. 
Degree of zero polynomial is always defined. 
A polynomial of degree one is called a linear 
polynomial. | 
A polynomial of degree two is called a constant 
polynomial. 


4.  Zeroes of the polynomial x(x * 7) is /are 


(b) 
(c) 


(d) 


(a) -7 (b) 7 
(c) -0 (d) none of these 
5. Which ofthe following is/are cubic polynomials? 
(a) x-x i atx 
(c) x xl? (d 8x? I -6x 


6. Expansion of (x — y)? is 
(a) 3*y-3y(«- () P-y -3x*y -3y 
() 3ó-y-32y33? (d) x -y!-3xy &-)) 
7. Yfa*b-*c-0,then a +b? +c? is equal to 
(a) Sabc (b) 2abc 
(c) abc-* (abc? (d) 3abc 


8. Which of the following is/are a polynomial? 
(à —4x2+ 54x +1 (9 x 5x2 
(o) x?+4 


(d) x 





M 
DIRECTIONS: Study the given paragraph(s) and answer the 
following questions. 


f(x) =23 -9x +5412 


1. The degree of the given polynomial is 
(a) 2 (b) 3 
(c) 0 (d) 1 


j [53] 
2.  Zeroes of the given polynomial is 


(a (1, 3/2) (b (-1,-3/2) 
(c) (-1, 3/2) (d) (1, 3/2) 


3 TP 
3.  Iff(x)is divided by (x -3) , then the remainder is 


(a) 1 © 2 
(c) 0 (d) none of these 





DIRECTIONS: Each of these questions contains an Assertion 
followed by reason. Read them carefully and answer the question 
on the basis of following options. You have to'3elect the one that 
best describes the two statements. 


(a) 


If both Assertion and Reason are correct and Reason is 
the correct explanation of Assertion. 


(b) 


If both Assertion and Reason are correct, but Reason is 
not the correct explanation of Assertion. 


If Assertion is correct but Reason is incorrect. 


If Assertion is incorrect but Reason is correct. 


1. Assertion : If f(x) = 3x7 — 4x6 + x 9 is a polynomial, then 
its degree is 7. | 


Reason : Degree of a polynomial is the highest power of 
the variable in it. 2 


2.  Assertion : If p (x) = ax + b, a + 0 is a linear polynomial, 
then x= = is the only zero of p (x). 
F 


Reason : A linear polynomial has one and only one zero. 
3. Assertion : If f(x) = x$ + x? - 2x? + x + 1 is divided by 
(x - 1), then its remainder is 2. 


Reason : If p (x) be a polynomial of degree greater than or 
equal to one, divided by the linear polynomial x — a, then 
the remainder is p (—a). 


4. Assertion : (x + 2) is a factor of x? + 3x? + 5x + 6 and of 
2x * 4. 
Reason : If p (x) be a polynomial of degree greater than or 
equal to one, then (x — a) is a factor of p (x), if p (a) = 0 

5. Assertion : If (x + 1) is a factor of f (x) = x? + ax + 2, then 
a--3. l 


Reason : If (x — a) is a factor of p (x), then p (a) = 0. 
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aoo 
DIRECTIONS : Following question has four statements (A, B, 
C and D) given in Column I and statements (p. q, r. s and t) in 
Column II. Any given statement in Column I can have correct 
matching with one or more statement(s) given in Column II. Match 
the entries in column I with entries in column IL. 





l. Column I Column II 
(Degree) (Polynomial) 
(A) 1 j (p 6-y-446-«y 
(B) 6 (Q — 7x-43 
(C) 3 S 9 2+x 
(D2 () x24+5x343 


(t) | &2-4x*6 


DIRECTIONS: Answer the following questions. 





— 
. 


i 


Verify that ++ -39z = 7 (y +2) es 
(y -zf* (z- xy]. 

Factorise x? — 23x? + 142x — 120. 

If x * y= 12 and xy = 27, find the value of x? + y>. 


If the polynomials (2x3 + ax? - 3x — 5) and (x? +x? - 2x + a) 
leave the same remainder when divided by (x — 2), find the 
value of a. Also, find the remainder in each case. 


Without actual division, prove that (2x4 — 6x3 +3x2 + 3x — 2) 
is exactly divisible by (x? — 3x + 2). 
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EXERCISE - I 


FILL IN THE BLANKS 
1. monomial 2. trinomial 3.  biquadratic 
&; 15 5. linear 6. cubic 
75. @ +b +e -3abc 
8. (x-y) (x+ y) (x? +y? -= xy) (x? +y? + xy) 
9. 0 10. —288 
n. 42-2542 12. eap 
2 2 
13. (a + b+ c) (a? + b? + c? - ab — bc — ca) 
TRUE/FALSE. 
1. True 2. True 3. True 4. False 
5. True 6. False 7. True 8. False 
9, False 10. True 


MATCH THE COLUMNS 


l. 
2. 
3. 


(A) > (s); (B) > (r); (C) > (p); (D) > (q) 
(A) > (q); (B) > (p); (C) > (s); (D) > (r) 
(A) > (s); (B) 2 (p); (C) > (r); (D) > (q) 


VERY SHORT ANSWER QUESTIONS 


Let r(x) =x * 2. 

Then r (2)=2+2=4,r(-2)=-2+2=0 
Therefore, — 2 is a zero of the polynomial x + 2, but 2 is not. 
m! + 4m + 8m? — 3n? + 6m - 11 


1124864 4. (7a+5b)(7a+ 5b) 
(5x + 6y)? 6. x(Q-lyx-Dx- 1) 
(y+z)(x-3) 8 (b-*o)(ax*3ay—5) 
2401 10. (a-2b)(a-2b+ 1) (a -2b - 1) 


(x + y - 2z)x - y - 2z) 
9x? + bxy + y? = (3x) 2(3x) 9) +O)? 
= (3x + yy = (3x + y)Gx + y) - 
(- 2x + 3y + 2z)? = (- 2x)? + (3? + Qz? 
+ 2(- 2x)3y) + 2(3y) (2z) + 2(2z) (- 2x) 
uds? +9y? + 4z? — 12xy + 12yz - 8zx. 
4x5 + x4 - x) 15, f(2) 225 
ab (à? + b?)(a + ba - b) 17. 49 
The zero of q (x) is - J2 
Now, p(-V2) = 242 (-42) + s(-/2)« v2 
-442-542 «42 =0 


By factor then, q (x) is a factor of p (x). 





SHORT ANSWER QUESTIONS 
1. (i)l1021 (ii) 9984 
2. (a-b)2x-* 5v + 8z) 
3. (x-a)(x-I/a) 4. 6x(ab- 4)? 
2 
5. EX (2x - J3y? 7. 25 
2b 3a 
$. |] 9. xy (x + 4y) (9x + Sy) 
10. (x+1) (ef) 11. (4a- 35 - 2)0a - 4b - 5) 
12. 745 | 13. (x+ I)(x- D («+ 3) (x-2) 
14. x64 -2x* + 4x3 + 5x? l 
15. 3(a-b)(b-c)(c- a) 
16. f(x) = 6 - 1x? + kx - 20 
3 2 
ORRORE 
3 3 3 3 
64 ..16 4k 
6.— -11.—+—-20=0 
= "93 9 3 
=> 128-176-12k- 180-20 
= 12k+128-356=0 
=> 12k=228 = k=19 
Pm 2x \ 5x? +3x+1l 5 3 
5x2 2*7 
3x + I 
3x 
l 
i 5 3 : 
Quotient = "- + z Remainder = 1 
18. 7 + 3x will be a factor of 3x? + 7x only if 7 + 3x 
divides 3x? + 7x leaving no remainder. 
Let p (x) 2 33 ^ 7x 
put 7+ 3x=0 
7 
=> X 73 
ae (1 0 (3 
emainder = 3) = 3 3 
343 49 490 
= —-—-— = -—- + 0 
9 3 9 
7 + 3x is not a factor of 3x° + 7x. 
LONG ANSWER QUESTIONS 
1, 2(x+3)2 + 9(x+3)+9 
= 2a? * 9a * 9 (where (x + 3) =a) 
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72a! + 6a * 3a +9 = (2a? + 6a) + (3a 4 9) 
= 2a(a + 3) + 3(a + 3) = (a + 3)(2a + 3) 


=(x+3 +3){2(x+3)+3}, (substituting the value of a) 


= (x + 6)(2x + 9) 
2. (i) f(1)=(1)2 +5 (1)? +2(1)-8=14+54+2-8=0 
Gi) f(-2) = C2? + 5 2 + 2 (-2)-8 
=—8+20-4-8=0 
(iii) f(-4) 2 (- 43 +5 (— 4)? +2 (-4)-8 
=—64+80-8-8=0 
Since, f(1)=0 ~». (x-1) isa factor of f (x) 
f(-2)20 ^ (x+ 2) is a factor of f (x) 
f(-4)20 ^C (x * 4) is a factor of f (x) 
Hence all the factors of f (x) are 
(x — 1), (x + 2) and (x + 4) 
3. Let f(x) 2 33 +x? -20x+ 12. 


Now, 3x-2=0 => x= z, 


(3x — 2) is a factor of f (x) = 3x3 + x2 -20x + 12 


PEE 


Now, ((3) = gej (2) -20x(2) +12 


Hence, (3x — 2) is a factor of the given polynomial f(x). 


EXERCISE - 2 


MULTIPLE CHOICE QUESTIONS 

1. (c) 2. (a) 3. (b) 4. (b) 5: © 
6. (d) 7. (a) 8. (c) 9. (d) 10. (b) 
11. (a) 12. (d) 13. (a) 14. . (b) 15. (b) 
16. (d) 17. (d) 

MORE THAN ONE CORRECT 

l: (a,c) 2. (a,b, d) 34. (a,c) 4. (a,c) 


5. (a,d) 6. (c,d) 7. (a d) 8. (b.d) 
PASSAGE BASED QUESTIONS 
1. (b) 2. (c) 3. (c) 


ASSERTION & REASON ; 
l; (a) 2. (a) 3. (c) 4. (a) 5. (d) 
MULTIPLE MATCHING QUESTIONS | 
1. (A) (q); (B) > (p); (C) > (s); (D) > (r), (t) 
HOTS SUBJECTIVE QUESTIONS 
l. LHS.=2+y +2 -3xyz 
= (x +y +2) (x? +y? +z? -xy- yz -zx) 


(x * y *z)(2 (Q4 y? + 2 -xy- yz -=x)} 


4 
(x + y + z) (2x2 + 2y? + 22? -2xy 2yz-2zx) 


(x + y * 2092-29?) + 9? - 2yzt27) + 
z2-2zx* x3) 
- Pe +y+ zy - »» t(y-z?-*(z -xy]- R.H.S. 
Let r (x) = xX - 23x? + 142x - 120 
Some of the factors of — 120 are +1, +2, +3, +4, +5, +6, +8, 
+10, +12, +15, +20, +24, +30, +60. 
By trial, we find that r(1) = 0. Sox — 1 is a factor of r(x). 
Now, 3 - 23x2 + 142x - 120 2 xX - x? - 22x? + 22x 
+120x — 120 = x(x — 1) - 22x (x — 1) +120 (x - 1) 

7 (x — 1) (x? - 22x + 120) [Taking (x — 1) common] 
We could have also got this by dividing r(x) by x - 1. 
Now, x? — 22x + 120 can be factorised either by splitting the 
middle term or by using the Factor theorem. By splitting 
the middle term, we have : 
x? - 22x + 1207 x? — 12x — 10x + 120 

= x(x - 12) -10 (x — 12) 
— (x - 12) (x - 10) 
So, x? - 23x? - 142x — 120 = (x — 1) (x — 10) (x— 12). 
+ - (y) G2 - xy y?) 
= (x + y) + y}? -3xy] = 12122 - 3 x 27] 
= 12 x 63 = 756 

Let f(x) = 28 + a? +3x-5 and g(x) = 4 x? -2r+a, 


Nl— N|= tol— 


. When f(x) is divided by (x — 2), remainder = f (2). 


When g(x) is divided by (x — 2), remainder = g(2). 
Now, f(2) = (2 x 23 +a x 22«3x2-5)- (17 - 4a). ` 
And, g(2) = (23+ 22-22 * a) - (8 +a). 


Since, both the polynomials leave the same remainder when 
divided by (x — 2) 


17*4a-8*a => 3a=-9 = a=-3. 
Hence, a =— 3. 
Remainder in each case = (8-3)=5 
Let f (x) = 2x4 - 68 + 332 + 3x-2 
Let g(x) = (2 -3x £2) 2 2 -2x x 42. 
7x(x-2)-(x-2)- (x -2)(x- 1) 

Now, f (x) will be exactly divisible by g(x) if it is exactly 
divisible by (x — 2) as well as (x - 1). 
For this, we must have f(2) - 0 and f(1) 2 0 
Now,f(2)7 (2x25-6x23«3x2243x2. 2) 

= (32-48 + 12+6-2)=0 
And, f(1) = (2x 18-6 « 13 +3 x 1243 «1 ~2) 

=(2-6+3+3-2)=9 
^. f (x) is exactly divisible by (x — 2) as well as (x - 1). 
So, f (x) is exactly divisible by (x - 2x - 1). 
Hence, f (x) is exactly divisible by (2 - 3x + 2). 
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Be sure to show a 
scale and label 
un in X- and yars 





bores 3 — — . clearand neat. 
! ro jo Use your ruler. 
as = Ae bed 








: - Ses Ny Sy Se din ETS eee, en Dee) crit. re eT ~ SPP TRY ce EES LE e rm a — 
TET cR Z t EEA List et $9. MOTA p rae : tS 1 ce xd z 16: RCA 
rE x Tene en AL EAE 






x per aos iza Pe MERC 


s MR ts 


You have airea studied the minber l line and know. i how n to 3 locate the position of a mmber on Aihe 
: number line. In this chapter you. will learn how. to locate the position of a point or any thing i in a plane 
| which will be further used to draw: various type of graph. ‘You will also learn how to find the distance 
one two points: and to find the ratio: in i which a i point on vit divides the line seven joining the two 
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| . <1 SEAS TOI Lf ei i a | ccn 
TO LOCATE THE POSITION OF A POINT IN A PLANE 


On the number line, distances from a fixed point are marked at equal distances taken positively in one direction and negatively in 
other direction. The point from which the distances are marked is called the origin denoted by O. 

To locate a point on a plane we require two such number lines, both perpendicular to each other and meeting each other at origin, 
One number line is kept horizontal marked XX’ and other perpendicular marked YY’. Numbers are written on both of them just as 
written on number line. XX" is called X-axis and YY' is called Y-axis. 





From the figure, it is clear that positive numbers lies on OX and OY. OX and OY are called positive direction of X-axis and Y-axis 
respectively. Similarly OX' and OY' are called negative direction of X-axis and Y-axis respectively because negative numbers are 
lies on OX' and OY". l 

Y 





Here we see that the two axis divide the plane into four parts, these parts are called quadrants denot 
in the figure. 

The entire plane consists of the two axis and four quadrants. We call this plane as XY- 
The two axes (plural of axis) are called co-ordinate axes. 


ed by q,, q3, 93 and q4 as show 
plane or Cartesian plane or co-ordinate plane. 


Let us take a point A in XY-plane as shown in figure and draw two perpendiculars 
AP and AQ on X and Y-axis respectively. 

Distance AQ = OP, is called x-co-ordinate or abscissa of point A and distance 
AP = OQ, is called y-co-ordinate or ordinate of point P. 

Actually in XOY plane, x-co-ordinate of a point is the distance of the point from 
Y-axis and y-co-ordinate of the point is the distance of the point from x-axis. The 
abscissa and ordinate of a point taken together is known as co-ordinate of a point. 
Thus if OP = x and OQ = y then (x, y) is co-ordinates of point A. Note that in 
the co-ordinate of a point, first entry is always x-co-ordinate and second entry is 
always y-co-ordinate. Hence (x, y) # (y, x). 

The order of x and y in (x, y) are important. So (x, y) is an ordered pair. 

Now, we know about the co-ordinates of a point. 
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Y 





The figure shown the sign of the co-ordinates of a point in different quadrants. 

We can clearly see from figure that 

(a) All the points in first quadrant have both abscissa and ordinate positive. - 

(b) In second quadrant abscissa is negative and ordinate is positive. 

(c) In third quadrant both abscissa and ordinate are negative 

(d) In fourth quadrant abscissa is positive and ordinate is negative. 

All the points which lie on x-axis have zero-ordinate as their distance from x-axis is zero. 
Similarly all the points on y-axis have zero abscissa as their distance from y-axis is zero. 


: That any part of x or y-axis does not lie in any quadrant. 


CO-ORDINATES OF ORIGIN . 


Origin is the point of intersection of x-axis and y-axis. Now the distance of origin from any of the axes is zero, so origin has zero 
abscissa and zero ordinate. Therefore the co-ordinates of origin is (0, 0). 


PLOTING OF A POINT WHOSE CO-ORDINATES ARE KNOWN 

A point can be plotted by measuring its proper distances from the axes. Thus any point (h, k) can be plotted as follows: 
(i) Measure OM equal to A units along the x-axis. 

(ii) Now measure PM perpendicular to OM at M and equal to K units. 


Y 





Illustration 1 : Plot the point A(4, 2) on a graph paper. 


SOLUTION : On a graph paper, draw the co-ordinate axes XOX' and YOY’ intersecting at origin O. With proper scale, mark the 
numbers on the twc co-ordinate axes. For plotting any point, two steps are to be adopted. e.g. to plot point A(4, 2). 


Step 1 : Starting from the origin O. move 4 units along the positive direction of X-axis i.e. to the right of the origin O. 
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Step 2 : Now, from there, move 2 units up (i.e., parallel and towards the positive direction of y-axis) and place a dot at the point 
reached. Label this point as A(4, 2) 








Illustration 2 : Plot the points 4(4, 1), B(—2, 1), C(-3, 2) and D(3, —2). Name the figure ABCD. Find its area. 


SOLUTION : 





Points A, B, C, D are marked in the above figure. It is easy to see that it is a parallelogram, 
Area = base x height = 6 units x 3 units = 18 square units 
Illustration 3 : Using the adjoining diagram, write down the co-ordinates of the points A, B, C, Dand E 


(i) Name the figure ABCD and find its area. 
(ii) Name the figure ABE, find its area. 
(iii) Is area of the figure ABCD twice the area of the figure ABE ? 


What conclusion can you derive from the above result ? 
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SOLUTION : Clearly from the diagram, we have 

AC, 1), B(4, 1), C(5, 3), D(2, 3), EQ, 3). 

(i) ABCDisa parallelogram, since AB = DC = 3 units, and AB is parallel to DC. 
Area = base x height = 3 2 = 6 sq. units 

(ii) ABE isa triangle, mak a three-sided figure. 
Area = 5 x base x height = ; x 3 x 2=3 sq. units 

(iii) Yes, Area of parallelogram ABCD = 2 (Area of triangle ABE) 


Conclusion : The area of parallelogram is twice the area of a triangle on the same base and between the same parallels. 


j 1 
Illustration 4 : Plot the points : B C 


l 
SOLUTION : Plotting the points : sis. - 1) 





By taking suitable scale, mark the co-ordinate axes in such a way that the fraction 3 can easily be read. For this, take three division 


equal to one unit. 
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DISTANCE BETWEEN TWO POINTS 


The distance between any two points P(x,, y,) and Q(x», y») in a plane is the 
length of the line segment PQ. 










Q(x», y3) 
From P, Q draw PL and QM perpendiculars on the X-axis and PR perpendicular 
on QM. 
Then, OL = xi, OM = x;, PL =y and QM - y; 
PR=LM=OM-OL =X_-X, 
QR = QM- RM- QM-PL-y,-y 
Since POR is a right angled triangle 
PQ? = PR? + QR? X 
-(x,- x,y +- yi) (By the Pythagoras Theorem) 


2 
PQ = 492 73) *(; - Xy 
Distance between two points — \ (difference of abscissae)? * (difference of ordinates)? ! Y 


Corollary : The distance of the point (xi, y) from the origin (0, 0) is | 


(x -0 +(y, -0? = x? + y? 


Illustration 5 : Find the distance between each of the following points 
(a) P(6, 8) and Q(- 9, — 12) (b) A(-6,-— 1) and B(- 6, 11) 
SOLUTION : 
(a) Here the points are P(6, 8) and Q(- 9, — 12) 
By using distance formula, we have 


PQ = 4(-9-6) «((-12-8)* = i524 90? = J225+400 = V625 = 25 
Hence, PQ = 25 units. | 
(b) Here the points are A(— 6, — 1) and B(- 6, 11) 
By using distance formula, we have 


AB = \{-6-(-6)}? + {11-(-1)}* = V0? +12? =12 


Hence, AB = 12 units. 


P(x), yi) 


Illustration 6 : The distance between two points (0, 0) and (x, 3) is 5. Find x. 


aa : By using distance formula, we have the distance between (0, 0) and (x, 3) is (x- 0)? "T 0)? 
It is given that (x-0)? (3-0) =5 or Vx? +3? =5 


Squaring both sides, x? +9=25 or x?=l60rx=+4 
Hence, x=+4orx=-4 


Illustration 7 : Find the radius of the circle whose centre is at (0, 0) and which passes through the point (-6, 8) 


SOLUTION : Let A(0, 0) and B(- 6, 8) be the given points. 


Now, radius of the cirlce is same as the distance of the line segment AB. 


Now, AB= V(-6-0)? +(8-0)* = ¥36+64 = /100 - 10 B(-6, 8) 


Hence, radius of the cirlce is 10 units. ' 
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(i) For given three points A, B, C to decide whether they are collinear or vertices of a particular triangle. After finding AB, BC, 
and CA we shall find that the point are 


(a) Collinear, if the sum of any two distances is equal to the third. 
(b) Vertices of an equilateral triangle if AB = BC = CA 
(c)  Vertices of an isosceles triangle if AB = BC or BC = CA or CA = AB 


(d) Vertices of a right angled triangle if AB? + BC? = CA? or AB? + CA? = BC? or BC? + CA? = AB?. 
(ii) For given four points A, B, C, D 
(a) AB=BC=CD=DA;AC=BD = ABCD is a square 
(b) AB=BC=CD=DA;AC#BD = ABCD is a rhombus 
(c) AB=CD,BC=DA;AC=BD =ABCDisa rectangle 
(d) AB=CD,BC=DA;AC#BD = ABCD isa parallelogram 
(e) Diagonal of square, rhombus, rectangle and parallelogram always bisect each other 


Illustration 8 : Show that the points (1, 1), (3, 0) and (-1, 2) are collinear 
SOLUTION : Let P(1, 1), Q(3, 0) and R(-1, 2) be the given points 


Po - 3-1 «(01 ? = J4«1 = V5 units 
QR = J(-1-3) 4.2 — oy? =V16+4 - 245 units - 
RP - J(-1- 1? (2-1? = 4x1 = V5 units 


Now, PO + RP = (V5 4- 5) units = 2/5 units = QR 


P, Q and R are collinear points. 


Illustration 9 : If the three vertices of a rectangle taken in order are the points (2, —2), (8, 4) and (5, 7). The co-ordinates of 
the fourth vertex is — 











(A) (1, 1) (B) (1,-1) 5 (C) (1,1) (D) None of these 
SOLUTION : (C) Let fourth vertex be (x, y), then Xs - 2E and = = = =>x=-l, y=] 
Illustration 10 : If P(1, 2), Q(4, 6), R(5, 7) and S(a, b) are the vertices of a parallelogram PORS, then — 
(A) a=2,b=4 (B) a=3,b=4 (C) a=2,b=3 (D) a=3,b=5 
SOLUTION : (C) Diagonals cut each other at middle points. 
(a, b) S R (5,7) 

Hence, ore dva a-2 

2 2 

b+6 _2+7 =>b=3 
" | (1,2) P Q (4, 6) 


Illustration 11 : If A(3, 5), B(-5, — 4), C(7, 10) are the vertices of a parallelogram taken in the order, then the co-ordinates 
of the fourth vertex are = 


(A) (10, 19) (B) (15,10) (C (19,10) ' (D) (15, 19) 
15 

SOLUTION : Mid point of A(3, 5) and C(7, 10)= M s 15) 

Mid points of BD = M s 5) 


B(-5, — 4) and D(x, y) 
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| 64 | a a a A a EN "i féow A AKES z 
-5- x =5.x=10+5=15 
| —4+y 15 
— NP (— de +4= 
3 2 y=15+4=19 


Co-ordinates of fourth vertex D = (15, 19) 
SECTION FORMULA _ 


Let A(x), vı) and B(x,, X2) be the two given points and P(x, y) be a point on AB which divides it in the ratio m : n internally. We 


have to find the co-ordinates of P, draw the perpendiculars AL, PM, BN on OX, and, AK, PT on PM and BN respectively. Then, from 
similar triangles APK and PBT. | 






we have AP- AK _ KP (i) š j ; 
PB PT TB " Y Bera y3) 
Now, AK=LM=OM-OL=x 24 . : 
PT- MN * ON - OM x,- x o ft SESSEL e iT 
KP - MP- MK = MP-LA=y-y,, i i 
TB = NB - NT = NB- MP- y,- y € : 
| From (i), we have, Z- 2% | »- Mn ' 
n X)-X yó3-y ' i 
The first two relations give, ” = * ^*t ' 
Or MX,- mx — nx — nx, " Ee 
or x(m+n)= mx», + nx, - 
mx» + nx . á 
BE STe 


m+n 
- v AP KP m a 
Similarly, from the relation — = —— , we get — = EP which gives on simplification. 
PB TB "S Wry 
as my» + ny 
m+n 


~ Hence co-ordinates of a point which divides the line segment joining the points (x 


pen +nx,; my; 2 
m+n ` m+n 


|: V1) and (x2, v5) in the ratio m:n internally is 


Sometimes the word internally is not written but it is understood. 


MID-POINT FORMULA 
The co-ordinates of the mid-point of the line segment joining two points (x,, 1) and (X5, Y>) can be obtained by taking m — n in the 
section formula. 


Thé : ‘ o Ss M xa š Ran XQ +X y2+ yy 
€ co-ordinates of the mid-point joining two points (xi. X) and (X5, y2) = E Las m 
Illustration 12 : Find the co-ordinates of a point which divides the line segment joining each of the following points in the 
given ratio : 
(a) (2,3) and (7, 8) in the ratio 2 : 3 internally (b)  (-1, 4) and (0, —3) in the ratio 1 : 4 internally. 
SOLUTION : 


(a) Let 4(2. 3) and B(7, 8) be the given points. 
Let P(x, v) divide AB in the ratio 2 : 3 internally. 
Using section formula, we have, 


2x7+3x2 20 _ 2x8+3x3 25 
x = —- = — = 4 and )"————2-—z$5 
2+3 5 2+3 5 


P(4, 5) divides 4H in the ratio 2 : 3 internally. 
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vade RUN M bdo Logd dte mts T 
(b) Let A(-1, 4) and B(0, —3) be the given points. 
Let P(x, y) divide AB in the ratio 1 : 4 internally 


Using section formula, we have 





1x0+4x(- E 
e x( ) 4 - pants 3)+4x4 13 
1+4 5 1+4 5 
p(|_4 13) ... 
~ 5’ 5) divides AB in the ratio 1 : 4 internally. 


— 


Illustration 13 : Find the mid-point of the line-segment joining two points (3, 4) and (5, 12) 
SOLUTION : Let A(3, 4) and B(5, 12) be the given points. | 


Let C(x, y) be the mid-point of AB. Using mid-point formula, we have, 


345 4412 l 
x=—=4 d = = 
2 and y 2 8 





(4, 8) are the co-ordinates of the mid-point of the line segment Joining two points (3, 4) and (5, 12). 


Illustration 14 : The co-ordinates of the mid-point of a line segment are (2, 3). If co-ordinates of one of the end points of 
the Jine segment are (6, 5), find the co-ordinats of the other end point. 

SOLUTION : Let the other end point be A(x, y) 

It is given that C(2, 3) is the mid-point A(x, y) C(2, 3) 


ERO and ey al 
2 2 


B(6, 5) 





We can write, 2 = 
or 4=x+6 and 62y-5 
or x=-2 and y=! 


A(-2, 1) be the co-ordinates of the other end point. 


CO-ORDINATE OF SOME PARTICULAR POINTS A 
Let A(x), y1), B(x, Y2) and C(x}, y4) are vertices of any triangle ABC, then 
l. Centroid : 


The centroid is the point of intersection of the medians (Line joining the mid-point 
of sides and opposite vertices). Centroid divides the median in the ratio of 2 : | 


Xp t X2 + X3 nnt) B D 
= 3 


A 
2. Incentre: 


Co-ordinates of centroid, G = ( 


The incentre is the point of intersection of internal bisector of the angles of the 
triangle. Also it is a centre of circle touching all the sides of a triangle. 


Co-ordinates of incentre, / = apre oy i + by + 2) 
a*b*c a+b+c 
where a, b, c are length of the sides of wangle ABC. B C 


Illustration 15 : The centroid of a triangle, whose vertices are (2, 1), (5, 2) and (3, 4) Is - 





"4 - 
2 s (10 7 i 10 7 0 7 
(A) 3] ài (B) PI (C) -S3 (D) Emi 
1-244 7 
SOLUTION : üj cw stot? I0 an es A 
3 3 3 3 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


LIS Um ntn b ANE (Mathematics J 


Illustration 16 : The incentre of the equilateral triangle with vertices (1,/3), (0,0) and (2, 0) is - 
43 £1 2 a 

ay pam ME M 2 2z 

(A) | ; (B) 3' 3 (C) as 


SOLUTION : (D) Clearly, the triangle is equilateral. 
So, the incentre is the same as the centroid. 


(14042 Beef, ^ 


Incentre — i XE E] =| l-7 


3 3 J3 


AREA OF A TRIANGLE 
If A(x), yj), B(x», Y2) and C(x}, y4) are the vertices of a triangle then its area 


l 
= jl (y2 — y) + x03 7 3) x0 7 »2)| 





(i) Condition of Collinearity: Three points A(x,, vj), B(x, v;) and 
C(x4, v4) are collinear if area of AABC = 0 
i.e. x10 —¥3) * X503 - vj) * x40 75) 70 

(ii) Let the vertices of quadrilateral ABCD are A(x,, y,), B(x, y5) and 
C(x4, v4) and D(x,. y4). 


i = +A f AACD 
So, Area of quadrilateral ABCD = Area of AABC + Area o Abc yn) B(xs. y3) 


Illustration 17 : The area of a triangle is 5. Two of its vertices are (2, 1) and (3, —2). The third vertex lies on y = x + 3. Find: 
the third vertex. 


l 
SOLUTION ; Let the third verien die S area of triangle = 5 Li Q5 7 5)* 3205 7n )) x» 7 »2)1I 


As =h hgs 3.152. Area of A - 5 : 
l pe 
> $= 5|2(-2-y) +303 —1)+x3(1+2)| 


=> 10=|3x,+7;-7] > 3x3 +3 =+19 


Taking positive sign, 


3x,+7,;-7=10 > 34x4*y4717 e (i) 
Taking negative sign 

35 *3,-7--10 2 3x4 *y47-3 e (ii) 
Given that (x3, — 4) lies on y =x + 3 
So, -x, +y3=3 p 5 (iii) 


Solving equations (i) and (iii), x3 = 2 v3 = = 


-3 3 
Solving equations (ii) and (iii), x3 = 3" y7 2' 
h hird rt (2 3 or E 3) (- 5, - 4) (7, - 6) 
So the third vertex are 2*2 2*2 ; D f 
Illustration 18 : Find the area of quadrilateral whose vertices, taken in 
order, are A(—3, 2), B(5, 3), C(7, -6) and D(-5, -4). 
SOLUTION : Arca of quadrilateral = Area of A ABC + Area of A ACD 
l 
So, Area of A ABC = 2 | (-3Y4 + 6) + 5(-6 - 2) + 7(2 - 4)| 
= 1430-40-14 = 1| -84|- 42 sq. units A B 
2 2 ( a 2) (5, 4) 
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So, Area of A "a 
, Area of A ACD = 51-363 4) + (74-2) (-5)(2 + 6)| 


l 
5 |+6-42-40|=—|-76|=38 sq. units 


So, Area of quadrilateral ABCD = 42 + 38 = 80 sq. units. 


= 


MISCELLANEOUS 


Solved Examples 









In the figure OAB is an equilateral triangle. Find the co-ordinate of vertex B. 
SOLUTION : In figure, 
OAB is an equilateral triangle of 2a. 
OA = AB = OB = 2a 
Now, from the point B, draw BM perpendicular on OA. 
OM = MA=a 
Therefore from right triangle OMB, 
OB? = OM? + MB? 
or, (Qa) = (ay + MP? 





or, MB2=3a? 
MB = «faa 


Since OM = a and MB = 43a 

Hence, co-ordinates of vertex B are (a, 3a). 

Prove that the points (—2, —1), (-1, 1), (5, —2) and (4, — 4) are the vertices of a rectangle. 

SOLUTION : Let P(-2, —1), Q(-1, 1), R(5, 2) and S(4, — 4) be the given points. ! 
sp = J[4- C2 +[-4-(-DP = (9 « C3 = Vas 


PQ = RS and QR = SP Aa) QC1, 1) 
Hence, the opposite sides are equal 


Again, diagonal l ' 
PR = J[5- -2. +[-2-(-pP = J0 +C = V50 
QS = J[4- (-DP. +[-4-17 = J(5Y? +(-5)? = V50 


Hence the diagonals are equal. 


Hence, the given point P, Q, R, S are the vertices of rectangle. 
How will you describe the position of a table lamp on your rectangular top study table to another person? 


SOLUTION : |n order to locate the position of the lamp, we take a fixed point (i.e. corner of the table) for reference. 


Let lamp be a point and table as plane. Draw perpendicular from the lamp point to two edges of the table and measure the 


distance of these perpendiculars from the fixed point (i.e., corner of the table). Let these distances are 31 cm and 26 cm as shown 
in the figure. 
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Then position of lamp can be written as L (31, 26) with respect to origin i.e., fixed point (or corner) of table. 


Plot the following ordered pairs of numbers (x, y) as points in the Cartesian plane. Use the scale 1 cm = 1 
unit on the axes. 


SOLUTION : 





Write the co-ordinates of a point 


(i) -Abóve x-axis lying on y-axis and at a distance of 3 units. 
(ii) Below x-axis and on y-axis at a distance of 8 units 

(ii) Right of origin and on x-axis at a distance of 2 units. 
(iv) Left of y-axis and on x-axis at a distance of 4 units. 


SOLUTION : 
(i) The co-ordinates of the point are (0, 3) (ii) ^ The coordinates of the point are (0, —8) 
(iii) (2, 0) (iv) (—4,0) 
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Find the area of the figure formed by joining the points (5, 0), (0, 0), (0, 6). 
SOLUTION : Let given points are A(5, 0), B(0, 0), and C(0, 6). After plotting the points A, B, C we get (figure) 





AABC is a right-triangle in which ZABC = 90°, AB = 5 units and BC = 6 units. 
Area of rt A ABC — > base x height = E x5x6 
ar (A ABC) = 15 sq. units. 


If the point (x, y) is equidistant from the points (a + b, 5 — a) and (a — b, a + b), prove that bx = ay. 
SOLUTION : Let P(x, y), O(a + b, b — a) and R(a - b, a + b) be the given points, therefore according to the question. 
PQ-PR or PQ- PR? | 
or [x-(a*b)P + [v - (5 - à) = [x - (a - DP + [v - (a + 5)? 
or x?^-2(a-* b)x+ (a+b) * y -2(b -a)y + (b- ay 
=x? - 2(a - b) x * (a - b. + y? - 2(a + by + (a + by? 
or -2(atb)x-2(b-a)y--2(a-b)x-2(a*b)y 
or axtbxtby-ay-ax-bx*taytby or 2bx-2ay => bx = ay 


If the distance between points (x, 3) and (5, 7) is 5, find the value of x. 
SOLUTION : Let P(x, 3) and Q(5, 7) be the given points then PO = 5 

V(x-5)2+(3-7)? =5 
Squaring both sides 

(x-5)? + (-4)2=25 or x2-10x+25+16=25 
or x2-10x+16=0 or (x-2)(x-8)=0 .. x=2,8 

Plot the points (2, 0), (2, 3), (0, 6), (-2, 3) and (- 

CTS 3), (0, 6), ( ) and (-2, 0) and join them in order. Find the type of figure thus 


SOLUTION : Let the given points are A(2, 0), B(2, 3), C(0, 6), D(-2, 3) and E(-2, 0). After plotting and joining, we get the figure 
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After plotting A, B, C, D and E and joining, we get a ‘Pentagon.’ 


reso eee Find the ratio in which the point (i, 6) divides the line segment joining the points (3, 5) and (—7, 9) 
2 k : 


SOLUTION : Let (4. 6) divide the line segment joining the points (3, 5) and (—7, 9) in the ratio of k: 1. Using section formula, the 


x-co-ordinater of the dividing point is given as 





| key +x 
~ k+l 

"PEN Lo NL keré-Mke6 m qspes geet 
2 k+l 2 k+1 3 
ratio is 1: 3 


Find the values of x for which the distance between the points 
A(x, 5) and B(0, —3) is 4/5 units 


SOLUTION : Using distance formula, 


AB-4(-:)«(3-5) => 445- Vx? +64 


Squaring both sides, we get 
80=x7+64 > x7=16 or x-t4. 


Find the value of x such that PQ = QR where co-ordinates of P, Q, R, are (6, 1), (1, 3), and (x, §) 
respectively. l 


SOLUTION : Since PO=QR = Q is mid-point of PR. 
using mid-point formula, 


[= Sta 6+x=2>x=-4, 
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DIRECTIONS: Complete the following statements with an 
appròpriate word / term to be filled in the blank space(s). 











1. Given a quadrilateral whose vertices are (1, 4), (—5, 4), 
(—5, —3) and (1, —3). The type of quadrilateral is ....... 

2. The points (—2, 0), (2, 0), (2, 2), (0, 4), (-2, 2) are joined in 
order. Obtained figure is .................. 


3. The opposite vertices of a square are (5, 4) and (3, 2). 
The length of its diagonal is 


4. Ifx>0andy <0, then the point (x, — y) lies in 
quadrant. 

5. The points (0, 0), (0, 4) and (4, 0) form a/an ..................... 
triangle. 

6. One end ofa line is (4, 0) and the mid point is (4, D. The 
coordinates of the other end is ............... 

7. If P(2,-—1), QG, 4), R(-2, 3) and S(-3, jo; be four points 
in the plane then, PORS is a ...................- 


8. A linear equation in-two variables is always a .............. ; 


Poe ee CCR eee 


9. If (x, y) represents a point and xy > 0, then the point may 
l6 38 eeepc ere DE A OREN quadrant. 


— utl ME eet 

11. Ifx-y-2 then point (x, y) is equidistant from (7, 1) and 
er, 

12. Distance between (2, 3) and (4, 1) is .............. 

13. Point on the x-axis which is equidistant from (2, —5) and 





ae 
en T 014 


Po acd A AUS Qus Es aaa Lh X POM 





DIRECTIONS: Read the following statements and write your 
answer as true or false. 





1. The ordinate of a point is its x-co-ordinate. 

2. The point (a, b) lies on y-axis if b = 0. 

3.  Theorigin lies in the first quadrant. 

4. Ifthe ordinate of a point is equal to its abscissa, then 
the point lies either in the first quadrant or in the second 
quadrant. 

5. The y-axis is the vertical number line. 

6. Every point is located in one of the four quadrant. 

7. The point (- 2, 0) lies on the y-axis. 

8. The point (0, —4) lies on the y-axis. 
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9. The point (- 1, 2) lies below the x-axis. 
10. The point (3, — 2) lies below the x-axis. 
11. The point (-1, — 1) lies on the x-axis. 
12. The point (4, — 5) lies in the third quadrant. 
13. The mid point of a line joining points A(x,, yı) and 
xtX) Nt n) 
1 2 


BX, y3) is c( 





DIRECTIONS: Each question contains statements given in 
two columns which have to be matched. Statements (A, B, C, D) 
in Column I have to be matched with statements (p, q, r, s) in 
column II. 


eee 
1. Column II give quadrant for pum given in column I, match 


them correctly. 


Column I Column II 
(A) 4,4 (p) I quadrant 
(B) (q) II quadrant 
(C) (r) IIl quadrant 


(D) (s) IV quadrant 


DE ie Ou S ROT 
£e 


wee e 
Coetus 2 





eta ora a 


DIRECTIONS: Give answer in one word or one sentence. 


1.  Whatare the coordinates of the origin? 
2. Write the answer of each of the following questions: 


(i) What is the name of horizontal and the vertical lines 
drawn to determine the position of any point in the 
Cartesian plane? 


(ii) What is the name of each part of the plane formed by 
horizontal and vertical lines? 
(iii) Write the name of the point where horizontal and 


vertical lines intersect. 
3. In which quadrant do the point (—2, —5) lies? 
4. Ifx»0 andy « 0, then (x, - y) lies in which quadrant? 


5. If (x, — y) lies in 2nd quadrant then (x, y) belongs to which 
quadrant? 


6. Find the distance between the points (—4, 5) and (2, 3). 

7. Find the area of the circle whose centre is (71, -2) and 
(3, 4) is a point on the circle. 

8. Find the mid-point of the line segment joining the points 
(2, —6) and (6, —4). 


9. Find the centroid of AABC whose vertices, are A(2, —3), 
B(4, 2) and C(-3, —2). 
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10. 


ll. 


12. 


Find the third vertex of AABC, if two of its vertices are - 


A(—2, 3), B(4, 5) and its centroid is G(l, 2) 


Find the point on the line joining A( 5, —4) B(-3, 2) so that 
it is twice as far from A as from B. 


Find the coordinate of the point whose abscissa is 5 and 
which lies on x-axis. 


Exe Show Answer Questions 


DIRECTIONS: Give answer in 2-3 sentences. 


l. 


me 


Find a if the distance between the points A(8, —7) and 
B(-4, a) is 13 units. 
Find the area of the square whose one pair of opposite 
vertices are (2, —3) and (4, 5). 

D C(4,5) 


A(2,-3) B 


In which quadrant or on which axis do each of the points 
(— 2, 4), (3, — 1), ( 1, 0) (1, 2) and (- 3, - 5) lie? Verify 
your answer by locating them on the Cartesian Plane. 

A point lies on the x-axis at a distance of 7 units from the 
y-axis. What are its co-ordinates? What will be the 
coordinates if it lies on y-axis at a distance of —7 units from 
X-axis? 

Find the co-ordinates of the mid-point of the join of points 
P(2, —1) and Q(-3, 4). | 

If (+4, 0), (0, 3), (0, —3), are the vertices of a triangle, then 
find the shape of the triangle. 

The two vertices of a triangle are (6, 3) and (-1, 7) and its 
centroid is (1, 5). Find the third vertex. 





10. 
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Find the co-ordinates of the point which divides externally 
the line joining (1, —3), and (—3, 9) in the ratio ] : 3. 

Find the area of the triangle whose vertices are A(1, —2), 
B(3, 4) and CQ, 3). 

Find the area of the triangle formed by the mid-points of 
the sides of AABC where A(3, 2), B(-5, 6) and C = (8, 3). 


x 


idi 


DIRECTIONS: Give answer in four to five sentences. 


10. 


In what ratio does the point (6, —6) divide the join of (1, 4) and 
(9, -12)? 

The points (0, 0), (0, 10), (8, 16) and (8, 6) are joined to 
form a quadrilateral. Find the type of the quadrilateral. 
Find a point equidistant from the points (6, 2), (—1, 3) and 
(-3, -1). 

In what ratio does the point (—3, y) divide the join of 
(-5, 11) and (4, —7) and hence find the value of y. 

Find the centroid of the triangle formed by the lines x = 0, 
y 7 0 and x * y= 10 as sides. 

If A(—5, 7), B(-4, —5), C(-1, -6) and D(4, 5) are the vertices 
of a quadrilateral, find the area of the quadrilateral ABCD. 
The area of a triangle is 5. Two of its vertices are (2, 1) and 
(3, —2). The third vertex lies on y =x + 3. Find the third 
vertex. 

Find the co-ordinates of the points of trisection of the line 
segment joining (4, — 1) and (2, -3). 

Show that-the points A(2, —2), B(14, 10), C(1l, 13) and 
D(-1, 1) are the vertices of a rectangle. 

The co-ordinates of the mid-point of the line joining the 


points (3p, 4) and (-2, 2q) are (5, p). Find the values of p 
and q. 
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DIRECTIONS: This section contains multiple choice questions. 9. 
Each question has 4 choices (a), (b), (c) and (d) out of which 
ONLY ONE is correct. 


1. The quadrilateral, whose vertices are (-1, 1), (0, —3), (5, 2) 


(a) a square 
(c) a rhombus 


(b) arectangle 
(d) a parallelogram 





2. The distance between two points (0, 3) and (—2, 0) is 
(a) vi4 (b) i5 
(o) v13 (a) V5 
3. The distance of the point (3, 4) from y-axis is 
(a) 1 (b) 4 
(c) 2 (d) 3 
4. The triangle, whose vertices are (2, 1), (2, —2) and (5, 2) is 
(a) Right angled triangle (b) Equilateral triangle 
(c) Isosceles (d) None of them 
5. The distance of the point (5, —2) from x-axis is 
(a) 5 (b -2 
(c) 3 (d) 4 
See Graph for (Qs. 6 to 9) 
6. Inthe given figure, find Coordinate of A 
We ero Y: 5.46412. eli 
11. 
12. 
13. 
Cb 14. 
ES. H1. 16 
(a) (-5,4) (b) (5,4) 
(c) (-5,-4) (d) (4,5) | 
7. In the given figure, points identified by the coordinates 
16. 
(2, -3) 
(a) P(-2,-3) (b Q(-2,-3) 
(c) A(-2,-3) (d) C(-2, -3) 


In the given figure, find Abscissa of C 


(a) 4 (b) 5 

(c) 6 (d) 7 

In the given figure, find co-ordinate of the point E 
(a) (1,2) (b) (5,-6) 

(c) (5, 6) (d) (-5, -6) 


See Graph for (Qs. 10 to 13) 
and (4, 6) is j 10. 


In the figure, the coordinates of B is 






Y 

— 6i. 
dex dae 3 — 

IM TIL i 


- a - ° 
-m eS = = = = 
> — * * - - 






A T6324 c3 7-Ttbl 


ies Ís E 
Put woo eS Dial LE eR Ls. 
BWM KS BS € 
(a) (3,4) (b) (4,3) 
(c) (-5, -4) (d) (3, = 4) 
In the figure, the co-ordinates of M are — 
(a) (-3,4) (b) (4, 3) 
(c) (-5,-4) (d) (3,-4) 
In the figure, the co-ordinates of L are — 
(a) (-3, 4) (b) (4, 3) 
(c) (-5,-4) (d) (3,-4) 
In the figure, the co-ordinates of S are - 
(a) (-3,4) (b) (4,3) 
(c) (-5,-4) (d) (3,—4) 
The point (3, —4) lies in the quadrant 
(a) Ist (b) Il nd 
(c) III rd (d) IV th 


The abscissa of a point is —7 and the ordinate is 2, then the 
point is 


(a) (2, -7) (b) (-7,2) 
(c) (-2, 7) (d) (7, -2) 
The point (0, 5) lies 


(a) on the x-axis 
(c) in the IInd quadrant 


(b) on the y-axis 
(d) in the Ist quadrant 
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V. If we join the points (—2, 0), (0, 1), (2, 0) and (0, -1) then 
name the figure formed 
(a) square 


(b) rectangle ' 
(c) rhombus 


(d) parallelogram 
SY Pinot ONAN X NS a Fe i o Fel 
Ip» More than One Conect: 


SS AAS cc 
DIRECTIONS: This section contains multiple choice questions. 


Each question has 4 choices (a), (b), (c) and (d) out of which ONE 
or MORE may be correct. 


eee ee 
|. Which of the following point does not lie in IIIrd quadrant? 
(a) (-1,2) (b) (6, 3) 
(c) (-1,-2) (d) (-6,-3) 
2. Which of the following is/are correct. 
(a) The point (—2, 0) lies in the II quadrant. 
(b) The point (5, 6) lies in the IV quadrant 
(c) The point (-1, —4) lies in the I quadrant 
(d) The point (3, —4) lies in the III quadrant 
3. Which of the following is/are not false 
(a) Mid point of A(3, 4) and B(5, 2) is C(4, 3). 
(b) Distance between two points T(4, 6) and Q(0, 3) is 
5 units 
(c) Coordinates of origin of a coordinate system is always 
(0, 0). 
(d) The point of intersection of the axes is called the origin. 
4. Which of the following point does not lie in IV quadrant. 
(a) C4,-1) (b) (-2, 6) ] 
(c) C1, 3) (d) (2, —4) 
:5. The ratio in which the line joining the points A(4, 4) and 
B(7, 7), divided by P(-1, -1) is 


(a) 5:8 (b) 3:8 
(c) 10:16 (d) 9:24 

6. Which of the following given vertices of a triangle has its 
centroid as O(2, 3)? 


(a) A(l, 3), B(2, 4), C(3, 2) 
(b) P(0, 3), Q(2, 4), R(3, 2) 
(c) X(0, 2), Y(2, 1), Z(4, 6) 
(d) none of these 
7. The distance between which two points is 2 units? 
(a) (-2,-3) and (-2,-4) (b) (4,-3) and (2, 3) 
(c) (7, 5) and (6, 2) (d) (0, 4) and (6, 0) 
8. Which of the following points is nearest to the origin? 
(a) (0, 6) (b) (-6, 0) 
(c) (-3,-4) (d) (4, 3) 
SPUR MIENNE RIT PEINE 
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DIRECTIONS: Study the given paragraph(s) and answer the 
following questions. 


req 
Yu 





tt del Pr vida j^ 








PASSAGE-I 
If A(x), yj), BG, Y2) CO, y3) are vertices of a AABC, then its 


3-979 AAA) and ina parallelogram, 
3 kd 


diagonals bisect each other. 


centroid is 2 
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Read this passage carefully and mark the correct answer, 


1. The two vertices of a triangle are (6, 3) and (-1, 7) and its 
centroid is (1, 5). Then the third vertex 1s 


(a (2,5) (b) (-2, 5) 
(c) (2,—5) (d) (-2, -5) 

2. The centroid of a triangle formed by (7, p), (q, —6), (9, 10) 
is (6, 3). The p +q 
(a) 6 (b) 5 
(c) 7 (d) 8 

3. If (3, 2), (6, 3), (x, y) and (6, 5) are the vertices of a 
parallelogram, then x * y — 


(a) 13 (b) 14 
(c) 16 (d) 15 
PASSAGE-II 
Let A(x), yj), B(x», y;), be two given points. If (x, v) divides AB 
Kx» + Ky» + 
internally in the ratio K : 1, then x — inm. iia P y= 745. 
K+1 K+] 


Read this passage carefully and mark the correct choice. 

1. The ratio in which the point (6, —6) divide the join of (1, 4) 
and (9, -12) is 
(a) 3:5 (b) 5:3 
€) 2:3 (d) 3:2 


2. In what ratio is the segment joining the points (4, 6) and 
(77, —1) divided by x-axis? 


(a) 1:6 (b) 6:2 
(c) 2:6 (d) 6:1. 
3. In what ratio is the segment joining the points (-3, 2) and 
(6, 1) divided by y-axis? 
(a 1:3 (b) 2:1 
(oy) 1:2 (d) 3:4 


kb N E Riian 


DIRECTIONS: Each of these questions contains an Assertion 
followed by reason. Read them carefully and answer the question 


on (he basis of following options. You have to select the one that 
best describes the two statements. 


(a) If both Assertion and Reason are correct and Reason is 
the correct explanation of Assertion. 

(b) If both Assertion and Reason arc correct, but Reason is 
not the correct explanation of Assertion. 

(c) If Assertion is correct but Reason is incorrect. 

” If Assertion is incorrect but Reason is correct. 


Assertion : The ratio in which the segment joining the points 
(-3, 10) and (0, -8) is divided by (-1, 6) is 2: 7. 

Reason : If A(x), y,), A(x, y»), are two points, Then the 
point C(x, y) such that C divides AB internally in the ratio 


K:lis given by x = hi A i y= Ky2 + yı 
K+] K +1 
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Co-ORDINATE GEOMETRY cor acc hn t NE a aera ee ius 
2.  Assertion : MN, is a straight line in which M(3, 2) and 
N(-3,-6). The distance between M and N is 10 units. 
Reason : Distance between A(x," y,) and B(x;, y») is given 
by JG -x) * (4 - x; 
3. Assertion : P is the point (—S, 3) and Q is the point 
(75, m). If the length of the straight line PQ is 8 units, then 
the possible value of “m” is —5 or 1l. 1 
Reason : Mid-point of line joining A(x," yı), B(xy yis ` 
[3 tX) X Ex) 
2 — 2 
4.  Assertion : If the co-ordinates of the vertices of a triangle 
is 4(—4, —2), B(-3, —5) and C(3, —2), then its area is 10.5 
sq. units. 
Reason : Area of a triangle having its vertices as 
P(x, y1), QG, y5), and R(x3, y3) is given by 
Area (APQR) 
| i; 
= za (y2 — y3) + x2 (y3 - X + %3 V1 - y2)]| 
5. Assertion : If the co-ordinates of the vertices of a triangle 
2 
is (1, 1), (2, —3) and (3, 4), then its centroid is (2, 2) : ä 
Reason : Centroid of a triangle with vertices (x,, y), 
(x5, Y2) and (x; , y3) is given by 
bie nint) 4. 
2. * 2 
S; 
6. 
LA 





iar ney * 
s gir iy et x ; 
Den aA Pee ne GS iva gx 





RA CPET ATARA Y, . 
‘ ere ^ T or RID a REGEL Ne SA ated a CAE PEE Ee 
> * x i 4 wi. ee Toe ee eee D) A sb 
i 204. c vg "a v 
rE Jes! go. poe Y : 
‘ ^ 
Tutor aS teh Sp dcos an M P A Me eI BME 
ur s " C. +a f : i 


a AER. a al 
DIRECTIONS : Following question has four statements (A, B, 


C and D) given in Column I and four statements (p. q, % ...) in 
Column II. Any given statement in Column I can have correct 
matching with one or more statement(s) given in Column II. Match 
the entries in column I with entries in column II. 


Column | Column II y^ 
(A) Ist quadrant (p (-1,-4) 
(B) IVth quadrant (a) (5,-1) 
(C) IInd quadrant (r) (0,6) 
(D) IHInd quadrant (s) (23,2) 
(0 (-3,-2) 
(u) (4, 1) 






- 5 
fr 





a ete) pt = A me $ ai et ~ 24 
a XT moda MED. eer o e CR eo SE X^ DA OR 





DIRECTIONS: Answer the following questions. 





n 


Determine the ratio in which the point P(a, —2) divides the 
join of A(—4, 3) and B(2, -4). Also find the value of a. 
Prove that the points (a, a), (-a, -a) and (_./3a,/3a) are 
the vertices of an equilateral triangle. Calculate the area of 
this triangle. 

The point A divides the join of points (— 5, 1) and (3, 5) in 
the ratio k : 1 and coordinates of points B and C are (1, 5) 
and (7, —2) respectively. If the area of A4BC be 2 units, then 
find the value of k. 

The line segment joining A(2, 3) and B(—3, 5) is extended 
through each end by a length equal to its original length. 
Find the coordinates of the new ends. 

A and B are two points (3, 4) and (5, —2). Find the coordinates 
of a point P such that PA = PB and the area of the APAB is 
10 sq. units 

Find the area of triangle, given that the coordinates of the 
mid-points of sides are (—1, —2), (6, 1) and (3, 5). 

The mid-points of the sides of a triangle are (1, 2), (3, -1) 
and (5, 0). Find the vertices of the triangle. 
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EXERCISE - I 9. 
FILL IN THE BLANKS 
l. Rectangle 2. Pentagon 3. 10 
4. | S. Right angled isosceles triangle 
6. (4,2) 7. rhombus 8. Straight line 
9. The first or third quadrant 10. (- ve, + ve) 10 
11. (3,5) 12. 242 13. (-7,0) 
TRUE/FALSE 
1. False 2. False 3. False 4. False 
5. True 6. False 7. False 8. True 
9. False 10. True 11. False 12. False 
13. True 


MATCH THE COLUMNS 
1. (A) > p); (B) > (a); (C) > (s); (D) > (r) 
VERY SHORT ANSWER QUESTIONS 


1. (0,0) Il. 
2. (i) Horizontal line is the x-axis and vertical line is the 
y-axis. 
(ii) Part of the plane formed by these two lines is called 
quadrants. 


(iii) The origin. 


Mathematica 


Given, A(2, -3), B(4, 2) and C(-3, -2) 
So, centroid of AABC 


" [m *X) Yi tnt») (24 c 


3 i 3 3 3 
- ( |, -1 ) 

Hence, (1, —1) is the centroid of AABC 

Let C(x, y) be the third vertex 

Given, centroid of AABC = (1, 2) 


E asd - (1.2) 











3 3 
x+2 ze) 

,—r—| =(1,2 
(23.28) n 
ie nl, y+8 5 

3 3 


=> x=l,y=-2 


* 


The third vertex is (1, -2) 
_2(-3)+1x5S | 


241 = 3 


A(5, -4) B(-3, 2) 


3. The point (—2, —5) lies in the third quadrant. y= Oe) -0 
4. y«0 => .-y>0 
The point (x, — y) lies in first quadrant. point is (-.0) | 
5. Given (x, — y) lies in 2nd quadrant =  x«0,-y « 0. 12. (5,0) 3 
(x, y) belongs to third quadrant. 
6. Let the given points be A(-4, 5) and B(2, -3) SHORT ANSWER QUESTIONS 
AB = (2 +4)? +(-3-5) l. Given AB = 13 


= 4364- 64 =10 units 


7.  Letthecentre of the circle be A(—1, —2) and the point on the 
circumference be B(3, 4) 
Radius of circle = AB 


= JG 1 +(4+2)} = V52 units 


The area of the circle = nr? 2. 
= n.( 52)? = 527 sq.units. 


8. Let A(2, —6) and B(6, —4) be the given points and M be the 
mid-point of AB. 


» X * X5 MN +») 
Then, M= (1> , 3 3. 
= (=, cem) = (4, —5) 
2 2 


Hence, the mid-point of AB is (4, -5) 


> XC4-8) «(a7 213 


Taking squares on both sides, we get 

(a * 7 = 169 — 144 - 25 

a4 7= J/25 

at7=+5 

a=-2 or -12 

Let the given vertices be A(2, 3) and C(4, 5) 


Length of AC = V(4- 2)? +(5+3)? = V68 units 


2 2 
Area of the Square = AC" i (V68) 
2 





= 34 sq.units 
The point (— 2, 4) lies in the I] quadrant. 

The point (3, — 1) lies in the IV quadrant. 

The point (- 1, 0) lies on the negative x-axis. 


The point (1, 2) lies in the I quadrant. 
The point (— 3, — 5) lies in the III quadrant. 
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Co-orpinate GEOMETRY ae aaa og ether 


1(-3) -3(1) E 


8. Required point = 


1-3 i-3 

o \-2’ -2 mm 
s aaora! 179.274 | 1| -2:-6 
E me 7203-2 4-3| 2|! 1 


-2|-2-C9)- 2 sq. units 




















1[3-(-5 2-6 | 1| 8 -4 
10. AreaofA4BC- 5| 5 8 6-3 | 2|-13 3 
l l 
= —[8(3)- 4(103)|- 2| 24 - 532 
= |8(3)-4(13) - 7124-52] 
- ;|-28 |= 14 sq. units 
(7, 0) (0, —7) m Hence, the area of triangle formed by the mid-points of the 
The coordinate of the mid-point is l 
2-3 i . sides of AA BC = 4 (Area of AABC) 
- < = 104 =3.5 sq. units 
oie 3 ; ; 
aa 5 LONG ANSWER QUESTIONS 
Coordinate of the mid-point is e 3) 1. Let the point R(6, —6) divides the join of P(1, 4) and 
22 Q(9, —12) in the ratio k : 1. 
6. If A(— 4, 0), B(0, 3), and C(0, —3), then By section formula, the coordinates of R are 
k l 
= -0y -37 = = Suni tH 
AB = \(-4-0)? +(0-3)? = 425 = Sunits la ; 4, 
BC = (0-0)? + (3 +3)? = V36 = 6units (0m 23 KEEN d Lie. E: a a: un 
k+l k+l k+l’ k+l 
AC win (4 i 0)? t (04-3 2 = /25 = Sunits But the coordinates of R are given to be (6, —6). 
- . 9k+1 o, -12k+4 
Since, 4B — AC * BC, therefore triangle is isosceles. E Ne 6 and ipe 
7. Let ABC be a triangle whose "T are j 8b] edE bad d acd 
A = (6, 3); B = (-1, 7); C = (x, y) and centroid C, = (1, 5) 


M63) => 3k=5 and 6h 10. 
In either case, k : zw) 


R divides PQ internally in the ratio ` :1164,5:3 


S15) 2. Let the points A(0, 0), B(0, 10), C(8, 16) and D(8, 6) 
Here, - 


B(-1,7) C(x, y) AB = NO? +102 =10 
Then using the formula, for coordinates of centroid, we BC = [32 (16-1 0)? " [2 š p -10 
have 
6+(-I)+x yg 3474y CD = Jo? +(16-6)? = vio? =10 
-—————— and 52 — 
3 3 ; 
DA = V8? +6? = A100 = 10 


= x = -2 and v = 5. Hence, the third vertex is C = (-2, 5) 
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ET. Í = A is the point of intersection of x = 0 and x + y ^ 10 ie., 
"iim Sages A s 8 +16? = 320 | A(0, 10) and B is the point of intersection of y = 0 and 


x+y=10, i.e., B(10, 0) 
and diagonal BD = J2 +(10-6)2 = Js? 4.42 = J80 : i 
So, AB = BC = CD = DA (sides equal) . Centroid of AOAB is G = 3 , J 


3 
AC * BD (diagonals not equal) 
[20088 uin [10 0) 


So, the quadrilateral is a rhombus. 3 ó E 3' * 
3. Let P(x, y) be the required point equidistant from the given : 
points A(6, 2), B(-1, 3), C(-3, - 1) 6. By joining B to D, we will get two triangles ABD and 
=> PA? = pp? BED, 
=> (x-6)-(y-2y-2(x* 1)? *(y-3y Now the area of AABD 
=> x -12r+364+y?-4y+4=2 42x41 ty -6»49 -lp5(5-5)4. (-45-7) - 4074 5)] 
=> Tx-v=15 -. (i) , 
a 2 1 
and PA-= PC ; = 1608448) - 5-53 square units 
=> (x-6)y*(y-2)-(x*3P-(y* 1 2 
= x-12x-36432-4yc4- à 4+ 6x94 2 2y41 Also, the area of ABCD 
= etes. D) -lpa4C6-5)-1545)«4(-546)] 
Solving (i) and (ii) 2 
rehye-s -1(44-104.4) - 19 square units 
Hence, the required point is P(1, —8) - 
4.  Letthe required ratio be A: | So, the arca of quadrilateral ABCD = 53 + 19 = 72 square 
units. | 
4+1x-5 
23-2 a 7. Let the third vertex be (x3, y;), area of triangle 
l 
E E E e E- = zly) -y+ y) 
7 
es: NINE um As Xi =2,y = l, x = 3, y, =—2, Area of A=5 
A(-5, 11) P(-3, y) B(4. -7) 


l 
=» 4 u 2(—2 — 3) 3X3 - D * s (10 2)] 


wa Xm : 
Hence, the required ratio 7” E M ea | => 10=|3x,;+)4-7| 
ly my 2x-747x1] à Taking positive sign, 
CU Bw o — 243 Bx3+y3-7=10 2 Inyt n (i) 
i ; Taking negative sign 
5. Let OAB be the triangle formed by the given lines. 


O is the point of intersections of x = 0 and y = 0 i.e., 3*94772-10 29 3e typ m-3 nn (iv) 
origin = O(0, 0) Given that (x4, v4) lies on v =x +3 
So, yj eS ss GR 
; ia 7 t 
Solving eq. (i) and (ili), xy = ERU LES 
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8. Let P and Q be points of trisection (points dividing in three AB? + BC? = 306 units 
equal parts) of AB, i.e. AP = PQ = OB. — AC? zx AR? + RC "^ ZABC = 90" 
——_—_—— = ABCD is a rectangle, 
; (4,-1) (-2,-3) 
10, R (5, p) is the mid-point of the line segment joining the 
The point P divides AB internally in the ratio 1 : 2. points A(3p, 4) and A(-2, 24) 
^ Therefore, the coordinates of P will be given by i=, 
o_o —————————————e. 
PX o*mx, _ 2x44+1(-2) _ 2 A(3p, 4) R(S, p) B(-2, 24) 
m +m 1-2 
3p-2 4+2 
m,yt*my, 2x(-D«1-3) -S. e^ (22-2 i En) = (5, p) 
y= ada Oe Ae A ile I 2 2 
m +m 1+2 3 
| 5 = 3P-2.$5 and 5*2 | p 
Therefore, the co-ordinate of P are (2-5) 2 2 
| - 10 4*2922p |. l 
For the co-ordinate of Q, m, = 2 and m, = 1, wm SPm a amp (1) 
=> 3p=!12 => p=4 
_ myx tmxy _ 1(4)+2(-2) _ ee A E E 
my *m T Xa Substituting p = 4 in q ^ p, we get 
4+24=8 > 2q=4 => q-2 
matmy dCDe2C3 7 Mt. d usa dat 
m +m 1+2 3 = ee See E 
*. Co-ordinate of Q = (o B 
* ' 3 EXERCISE - 2 
9 MULTIPLE CHOICE QUESTIONS 
. D(-1, D C(11, 13) | 


L (à 2. () 3. (d 4 (à 5 © 


6. (a) 7 (a) 8 (b 9% () 10 (b 
11. (a 12 (c) 13. (d) 


14. (d) As in IVth quadrant x-coordinate is positive and 
y-coordinate is negative. 
; 15. (b) As for point (x, y), x represents abscissa and y 
AQ, 2) B(14, 10) à . represents ordinate 
16. (b 17. (c) 
B = \(14—-2)? (102)? 2 1242 units MORE THAN ONE CORRECT 
l. (a,b 2. (a,d 3. b, c, 
C= [01-142 + (3-10)? = 342 units T di deli 
4. (b,c, d) 5. (a,c) 6. (a,c) 
CD = "NE 1)? «(1-13 21242 units 7. (b.c) 8. (c,d) 
; PASSAGE BASED QUESTIONS 
= J-1-2) «(1 2Y = 342 units 
PASSAGE-1 


= AB - CD and BC » AD 1. (b) Let the third vertex be (a, B) 


ABCD is a || gm 
Now, AC = 1-2) +(13+2)? = V306 a Hn Tes 2 a=-2,8-5 
= 4C2=306 units, AB? = 288 units, BC? = 18 units ^ required point is (-2, 5) 
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“5 SPREE A t 


2. (c) By the given condition D = 6 and 


p-6+10 _ 


3 3 


=> q-2andp-5 p+q=5+2=7 


3. (d) Since (3, 2), (6, 3), (x, y) and (6, 5) are the vertices of 
a parallelogram. 


Sex _ 646 pg 2ty Ses 
2 2 2 2 
=> x=9andy=6 
r+yv=15 
PASSAGE-II 
1. (b) 2. (d) . e (6) 


ASSERTION & REASON 
1. (a) Reason (R) is true. (Standard Result) 
For Assertion (A) . 


Let (-l, 6) divide the join of 


(-3, 10) and (6, -8) in the ratio 


6K -3 -8K +10 
LM and 6=———— 
/ K «1 K+1 





=> -K-l=6KĶK-?ł and 6K+6=-8K+10 


2 A 
= TK-2and4K-4 = K= > andK= i177 


Hence required ratio is 2: 7 ~. (a) is true. Since (R) 
gives (A) 
2. (a) 3. (b) 4. (a) 5. (d) 
MULTIPLE MATCHING QUESTIONS 
l. | (A) > (r, u); (B) > (p. 0; (C) > (s); (D) > (q) 
HOTS SUBJECTIVE QUESTIONS 
1. Letratiobek: 1 





>) 
MOC 


‘Co-ordinates of P are 

















TEST Leod s 
(2—3) ea 
k*l k+l 
2k-4 — ; 
kal I 
-4k43 | 
on o 4-4 — win II 
and Esc 


5 
=> -4k*32-—2k-2 > 2k=5 => me 
ratio is > Ltée. 322 


5-4 





2 
By Putting value of K in I, we get a= 5 
"A 


Let A (a, a), B (-a, -a) and C C Ma , Ba) 
Then, 


AB- dca ay. «(a - ay? -Jc2ay. +(-2a)? 
= ¥8a2 = 24/24 units 
BC= V(-V3a+a)? +(V3a+a)? 


QT Ja? -43y? «a? (1+ 3? 


= Ja? t - 33 (14-4352) 
= Jsa? = PN units 


AC- difa ~a)? «(d3a - ay? 
Va? (48 +1)? «(3 2j 


J8a? = 242a units 
~. AB=BC=4AC= 242a 


Hence, A ABC is an equilateral triangle whose side is 
242a units. 


^ area of A ABC = ELI = Bac io? | 
4 


V3 


4 


x8a? = 243a? sq. units. 
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' 3. Co-ordinates of point A that divides the join of these two 


EM Co-ordinates of B, and 
EH IL! -ordinates of B, an 


(1, 5) and (7, —2) respectively. Area of A ABC = 2 


units 
- s)| 
=42 


We know that the area of the ideni with vertices having 
co-ordinates (x,, yj) (x5, Y2) and (x3, y3) is given by 


points is A = ( 
C are 


= ; Se +2)+ (-2- 








tal) (== 
+7 


2| k+1 k+l k+l] 


] 
= 5 E102 735) +203 - 1) +301 -»2 


21k -35-2k-2 -5k - 
=a Z&+). Sk —1+35k+7-35k -35] 6. 


14k-66=+44(k+l) = k=7Tor 31/9. 


4. Let the line segment joining A(2, 3) and B(-3, 5) is 
extended through each end by a length equal to its original 


E 


length AB as shown in fig. 
P EN A Bs E Q 
(36) (2, 3) 3, 5) (5. y») 


Let P(x,, y,) and QG, y;) be the new end points 
Now PA = AB - BQ 
A is the mid-point of PB. 


1.50023 and a ES. 


=> 4=x,-3and6=y, +5 

Which gives x, = 7 and y, = | 

Thus, the coordinate of the point P are (7, 1), 
Again B is the mid-point of AQ 


LET Ud and PTI 
2 2 


. the coordiantes of Q are ( -8, 7). 
Hence.the coordinates of the new ends are (7, 1) and 
(-8, 7). 
5. Co-ordinates of A and B are (3, 4) and (5, -2) respectively. 
Let the co-ordinates of P be (x, y), 
PA = PB = PA? = PB? 
(x-3)2 + (y-4)? =(@@- 5)? ++ 2) 


y A 


\ 





—6x + 9+? -8y* 1692 -10x + 25 y? + 4y +4 
12y-4=0 => x-3y-120 (1) 
10 


=> 


=> 4x- 
Also area of APAB = 


= slx4~(-2)} +3(-2- y)+5(y~4)] = £10 


[6x —6 - 3y + 5y - 20] = + 20 
6x + 2y - 26 2 x 20 
Taking +ve sign, we get 3x + y - 23 7 0 


= 
=> 
„ (ii) 
Taking -ve sign, we get 3x +y - 3 =0 .. (iii) 
Solving (i) and (ii), we get x = 7 and y = 2 

From (i) and (iii), we get x — | andy - 0 

Hence, the coordinates of P are (7, 2) or (1, 0). 


Let ABC be the given triangle and let D(-1, —2), E(6, 1) 
and F(3, 5) be the mid-points of the sides AB, BC, and AC 
respectively. 


Area of ADEF 
B 
(-1,-2)D F(3, 5) 
A EG, 1) C 


l | 
= GPa 793) +2203 - 1) +3301 7 2)] 


Where (x), y,), (x2, Y2) and (x4, y3) are coordinates of D, E 
and F respectively. 


= Area of ADEF 


= z[CIXL-5) 65-72) 3(72- 0] 


= za 42-9)- IX 37 = 18.5 sq.units 

Area of AABC = 4(Area of ADEF) 
Hence area of AABC = 4 (18.5) = 74 sq. units, 
Let the vertices be (x), Y1), (x2, V2) and (x4, 93) 
Let D be the mid point of 4B 


Xy +x 
e» = l= x+y a2 


sbaesteeeee 


| A 222 y+), 94 


| 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


C(xs. 93) 





AQ Yi) D(1, 2) B(x, y4) 
Similarly, we get XQtX4*-6 — — ess (iii) 
Pa y=- o 2x (iv) 
xj*tx,710 -— ..... (v) 
y*»70 .. (vi) 





Mathematics 


Adding (i), (iii), (v) and (ii), (iv), (vi), we get 

Ax, t+ xy tx) 72610 >x tx 0x7 9 .... (vii) 
2(y, y ty) =4-24+0= 2 = yı +y, +3 = I... (viii) 
From (i) and (vii), x,=9-2=7 
From (ii) and (viii), y, =1-4=-3 
From (iii) and (vii), x, =9-6=3 
From (iv). and (viii), y =1+2=3 
x479-10--1- 


From (vi) and (viii), » =1-0= 1 


From (v) and (vii), 


The vertices of the triangle are A(3, 3), B(-1, 1) and 


C(7, —3). 


CHAPTER 


= INTRODUCTION Œ 


In earlier classes, you have studied linear equation in one variable. You know that standard form of a 


linear equation in one variable is ax + b = 0, (a+ 0). Its solution x= ~~, is unique. In this chapter, you 


will study the linear equation in two variables like 5x — y + 2- 0, x —2y * 1 =0, etc. You will see that 


a linear EU) in two variables has infinite many solutions. You will also study, how to draw the 


graph of a linear equation in two variables in a graph paper. 
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LINEAR EQUATION IN TWO VARIABLES 


An equation of the form ax + by + c = 0 where a, b, c are real numbers (a, b + 0) and x, y are variables, is called a linear equation 
in two variables. l 

Here a is called coefficient of x, b is called coefficient of y and c is called constant term. 

eg.6x+2y+5=0, 5x -2y * 3- 0 etc. 

In the linear equation in two variables, index of each of the variable is 1. 





TO FIND THE SOLUTION(S) [OR ROOT(S)] OF A LINEAR EQUATION IN TWO VARIABLES 
ALGEBRICALLY 
Standard form of a linear equation in two variables : ax + by + c = 0 (a, b + 0) 
Express any one variable y in terms of other variable say x as 

ax+c 

b 

Now by putting any real value of x in above equation (i), you will get the corresponding real value of y. The value of x and its 
corresponding value of y is one set of solution of the given linear equation in two variables. In the same way by putting another real 
value of x in the above equation (i), you will get another value of y. Thus you will get another set of solution. In this way you will 
get infinite sets of solution. 





y=- a1) 


! 
^ A solution of a linear equation in two variables can be find out only after taking any real value of any one of the two ; 
ı variables. — — 


Illustration 1 : Find any three sets of solution of —x + 2y — 4 
SOLUTION : - x - 2y- 4 

= x=2y-4 ee 

Put y= 0 in equation (i), then x=2 x0-4=—4 

Hence, one set of solution: x =—4, y=0 

Put y = | in equation (i), then x =2 x 1-4=2-4=-2 
Hence, second set of solution: x =—2, y= 1 

Put y=2 in equation (i), thenx -2x2—-4-70 | 

Hence, third set of solution : x = 0, y=2 

Thus, three sets of solution are (— 4, 0), (— 2, 1) and (0, 2) 


GRAPH OF A LINEAR EQUATION IN TWO VARIABLES 


To draw the graph of a linear equation. ax + by + c = 0; a, b # 0; we may follow the following steps: 
(i) | Obtain the linear equation : ax + by.+ c= 0 





(ii) Express any one variable y in terms of oth 


(iii) Put any three values x,, x,, x, for x one by one in the equation obtained in step (ii) and calculate the corresponding values 
Y,» Y» Y, Of y. Thus you obtained three solution sets, (x,, y,,) (x, y;) atid (x,, y,) 


(iv) Plot points (x,, y,), (x,, y;) and (x,, y,) on a graph paper. 
(v) Join the points marked in step (iv). 
You will see that the three points lie on a straight line. The straight line passing through these three points is the graph of the 


linear equation in two variables, because coordinates of each point on the line satisfy the linear equation in two variables and 
hence coordinates of each point on the line is a set of solution of the equation. 


The graph of a linear equation in two variable is always a straight line. 


CEE (i) To draw the graph of a linear equation in two variables, you can take only Srey uim =e : 
(ii) If possible take such integer as value of x that the corresponding values of y are also integer. 
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Illustration 2 : Draw the graph of the equation y - x ^ 2. 
SOLUTION : We have, 
yv-x=2 
=> yert2 
When v= |, we have y 2142-73 
When x = 3, we have p=3+2=5 
Thus, we have the following table exhibiting the abscissae and ordinates of — on the line represented by the given equation. 
Plotting the points (1, 3) and (3, 5) on the graph paper and iis a line joining them, we obtain the graph of the line represented 
by the given equation as shown in the Figure. 
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TAr A aN ik eld. 
TO FIND THE SOLUTION OF A LINEAR EQUATION IN TWO VARIABLES GRAPHICALLY 
The solution can be find out by the following two ways. 


( BY TAKING ANY REAL VALUE ‘x,’ OF ANY ONE VARIABLE, SAY x WHOSE VALUES ARE TAKEN 
ALONG x-AXIS: 


Pb. 





Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


LL tree j 4 à 3f 
A gg M thea! Sw 
To find the solution first draw the graph of the given equation, which will be a straight line. Then draw a line perpendicular 
to x-axis at (x = X), which intersects the line, which is the graph of the given equation at a point, from this point draw a 
line Parallel to x-axis which intersects y-axis at y = y, Then a solution corresponding to the value x, of x is x ^ x, Y 7 9. 
Similarly you can find any number of solutions by taking different values of x. 


(I) BY TAKING ANY REAL VALUE y. OF ANY WHOSE VALUES-ARE TAKEN 
KNO patie: Y, ONE VARIABLE, SAY y WHOSE \ ALUES-A3H 


To find the solution, first draw the graph of the given equation, which will be a straight line. 





— 


LO c oe 





Then draw a line perpendicular to y-axis at y = yy Which intersects the line, which is the graph of the given equation at a 
point. From this point draw a line parallel to y-axis which intersects the x-axis at a x = x,. Then a solution corresponding to 
the value y, of y is x = x, y = y,. Similarly you can find any number of solutions by taking different values of y. 


Illustration 3 : Draw the graph of the equation x — y - 3 = 0. Use it to find some solution of the equations and check from 
the graph that x = 0 and y = 3 is a solution. a END 

SOLUTION: The given equation is x—y+3=0 

To draw the graph we use the table of corresponding values of x and y. 


pw jt [a] 8. ~ 


We have drawn the graph of x — y + 3 = 0 by plotting the points (— 2, 1), (— 6, — 3) and (3, 6). As shown in the fi gure some of the 
other solutions of x—y+3=Oare:x=1,y=4;x=-l,y=2 





The point x = 0 and y = 3 is on the graph. Hence, x = 0, y = 3 is a solution of the equation. 
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MISCELLANEOUS 


The cost-of a book is twice the cost of a fountain pen. Write a linear equation in two variables to represent 
this statement. . 


SOLUTION : Let the cost of the book = € x and cost of the fountain pen = € y. 
Since cost of a book = Twice the cost of pen 
~ x=2y > x-2y-20 


Express y in terms of x, given that 2y — 4x = 7. Check whether (— 1, — 1) is a solution of the line. 


$OLUTION : Given equation is 
2y - 4x7 7 





Now substituting x ^ — 1, y =— 1 in the equation, we get 


,41*4CD = 1-45 -1=5 which is not true 
2 


LHS # RHS 
Therefore point (—1, —1) does not lie on the line 2y - 4x = 7 


=] 


Draw the graph of the equation 2x — y + 3 = 0. Using the graph, find the value of y, when x =— 2. 
SOLUTION : 2x -y 3-20 y -2x t3 zi 

When x = 0, theny 2x 0* 3-73 

When x ='l, then y=2*14+3=5 

Thus, we have the following table : 


La [ETT 
Now, plot the points A (0, 3) and B (1, 5) on a graph paper 
Join AB and extend it in both the directions. 
Then, the line AB is the required graph of2x-y*3-0 


y EE 


HR 





From the graph it is clear when x 7 — 2, then y = -1 
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NIMESI s 
EUM Draw the graph of the equation 2x + 3y = 11. From your graph, find the value of y, when x = -2. 


w 


SOLUTION : 2x +3y=11=> y= (11-2x) 
: 2 





salt) 
When x = 1, then RED eet al) : 
3 3 
When x = 4, then ja See) hs i 
3 3 


Thus, we have the following table : 


x 
y 


Now, plot the points A(1, 3) and B(4, 1) on a graph paper. 


- 


Join AB and extend it in both the directions. Line AB is the required graph of 2x + 3y = 11 


& Ae — eene 








From the graph, it is clear that when x = — 2, then y = 5. 


Draw the graph of the equation y = 2x. From your graph, find the value of x when y = —2 
SOLUTION : Given equation is , y = 2x (1) 

When x = 1, then y=2 x | =2. 

When x = 2, then y=2 x 2=4. 


Thus, we have the following table : 


x [rios 
py | 2 fa 


Now, plot the points A(1, 2) and B(2, 4) on a graph paper. 


Join AB and extend it in both the directions. Line AB is the required graph of y = 2x. 
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From the graph, it is clear that when y = — 2, then x =—1. 


Find four different solutions of the equation x + 2y = 6. 
SOLUTION : When x 22, then 2 * 2y 2 6 > 2y=4, > y=2 


Now, let us choose x = 0. With this value of x, the given equation reduces to 2y = 6 which has the unique solution y = 3. So x = 0, 

y = 3 is also a solution of x + 2y = 6. Similarly, taking y = 0, the given equation reduces to x = 6. So, x = 6, y = 0 is a solution of 

x+ 2y= 6 as well. Finally let us take y = 1. The given equation now reduces to x + 2 = 6, whose solution is given by x = 4. Therefore, 
— x =4, y= 1 is also a solution of the given equation. So four of the infinitely many solutions of the given equation are : 


(2, 2), (0, 3), (6, 0) and (4, 1). 
Given the point (1, 2), find the equation of a line on which it lies. How many such equations are there? 
SOLUTION : Here (1, 2) is a solution of a linear equation. So, you are looking for any line passing through the point (1, 2). One 


example of such a linear equation is x + y = 3. Others are y x = 1, y= 2x, since they arc also satisfied by the coordinates of the point 
(1, 2). In fact, there are infinitely many linear equations which are satisfied by the coordinates of the point (1, 2). 





Yamini and Fatima, two students of Class IX of a school, together contributed 7 100 towards the Prime 
Minister's Relief Fund to help the earthquake victims. Write a linear equation which satisfies this data. (You may take their 
contributions as X x and € y.) Draw the graph of the same. 
SOLUTION : Let the contributions of Yamini and Fatima be € x and € y respectively. 
Then according to the question 
x+y=100 
This is the required linear equation which satisfies the given data 
Now, we consider certain value of x and find corresponding values of y. 
For x=0,y= 100 
x = 50, y= 50 \ 
x | 0 | 50. 
|» [t00| 50 | 
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is E points (0, 100) and (50, 50) on the graph paper and join the same to get the line which is the graph of the equation 
x * y — 100. ; | 


10 20 30 40 50 60 70 80 90 1 





In-countries like USA and Canada, temperature is measured in Fahrenheit, where as in countries like Indis, 
It is measured in Celsius. Here is a linear equation that converts Fahrenheit to Celsius. 


(v) 


9 
F =| —|C +32 
(s 


Draw the graph of the linear equation above using Celsius for x-axis and Fahrenheit for y-axis. 
If the temperature is 30°C, what is the temperature in Fahrenheit? 
If the temperature is 95°F, what is the temperature in Celsius? 


If the temperature is 0°C, what is the temperature in Fahrenheit and if the temperature is 0°F, wh 
in Celsius? > what is the temperature 


Is there a temperature which is numerically the same in both Fahrenheit and Celsius? If yes, find it 


SOLUTION : Given linear equation is F = (3) C «32 


(1) 


Let the value of C is represented on x-axis and the value of F is represented on y-axis, 


So, we can consider C 7 x and F=y 


Given equation becomes y = =x +32 


Now we consider certain values of x and find the corresponding values of y. 
9 s 
For x = 5, y*-x(5*32 -4] 
9 
Forx=10, y= s 0) +32 = 50 


9 
For x = 15, yw x02) 3233 


Now we plot the points A(0, 32), B(5, 41), C(10, 50) ana D(15, 59) on the graph paper, 
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(ii) ForC=30°, F= d x 30? + 32? = 86? 
Required temperature = 86° F arenheit. 


(iii) For F=95° F, we have 95 = : x C32? 


D y 





=> 95°-32°= > C> ` C=63° — C= 35? Farenheit 
| 9 2 9 . -32°x5 -160" 
(iv) ForC=0, F= 5 * 0+ 32° = 32° and For F = 0° Farenheit we have 07 zx C32 = C= E MES 


(v) Let the temperature be x? numerically. -i.e. x° F = x? C 


F= (2)c+32 ~P x43 


BE- -32x5 


=> -32 £ = —40° 





Hence, — 40°F = + 40°C 







| A(0, 32) 


O s 10 15 2025 30 * 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


pa - ^ E eS zy MONTES aue. are fug Sesion. 4» 
oxy f - r PM er S Lm ei e i n 
‘ >. = ^ St uius t 
(Ate t za A ae 
^ = oak Se kee t aie fns TS —— awu 
E T ATUS a. ESS, deve S AS. "T Mr 


—————————————————— 
DIRECTIONS: Complete the following statements with an 
appropriate word / term to be filled in the blank space(s). 

———————— —M—————— 


l. A linear equation in two variables has ......... solutions. 
2. The graph of every linear equation in two variables is a 
3. x = 0 is the equation of the ........ axis and v = 0 is the 


equation of the ......... axis. 
4. The system of equations a + b = 3 and 3a + 3b = 9 is 
. (consistent/inconsistent) 
s, The equations px + qv + r= 0 and kpx + kqy + kr = 0 are 
. (dependent/inconsistent) 


6. The graph of x = a is a straight line parallel to the 
axis. 


^" 


"^" 


Ts The graph of v — a is a straight line parallel to the 


axis 

8. An equation of the type y — mx represents a line passing 
through the .............. 

9. EVET rotten of the linear equation is a point 


on the graph of the linear equation. 


10. An equation of the form cy + d = 0, where c, d are 
real numbers and c + 0, in the variable y geometrically 
represents 


: Ta eh - Late Qo 3E? imp ooo pae» 
Dx S4 e es a P cb. ee AUT E tz ~~ 
T5 a Ta Ses: phe E - 
. SEGISS Ad o ioci ie greed Lut RT A pest Satna t 


DIRECTIONS: Read the following statements and write your 
answer as true or false. 





l. An equation of the form ax + by + c = 0, where a, b and c 
are real numbers, such that a and b are both zero, is called 
a linear equation in two variables. 

2. y = 3x + 5 has a unique solution. 

3.  (0,2)isa solution for x — 2y = 4 


4. (2.4) is a solution for x = 4y 


5. The solution of a linear equation is not affected when the 
same number is added to both the sides of the equation. 

6. All the points (2, 0), (—3, 0), (4, 2) and (0, 5) lie on the 
x-axis. 

7. The line parallel to the y-axis at a distance 4 units to the 
left of y-axis is given by the equation x 7 — a. 

8. The graph of the equation y = mx + c passes through the 
origin. 





C> Match the Columns: 





: DIRECTIONS: Each question contains statements given in 


two columns which have tobe matched. Statements (A, B. C. D) 
in Column l have to be matched with statements (p. q. r. s) in 









column ll. i 
1. Column II give solution for equation in column I match 
them correctly — 
Column I Column Il 
(A) 2v * v 27 (p) (0,9) 
(B) x-2vr24 * (ay (1,5) 
(C) x-4v-0 (r) (0,0) 
(D) px* v-9 (s) (4,0) 
2: Match them correctly — 
Column I Column II 
(A) x=a (p) x-axis 
(B) y=a (q) st. line parallel to x-axis 
(C) y » mx (r) st. line parallel to y-axis 
(D) »=0 (s) st. line passing through 
origin. 
met, fite tes MASULEU X INS 


——— 


DIRECTIONS: Give answer in one word or one sentence. 

1. Express the linear equation Y-2-0inthe form 
ax + by + c= 0 and indicate the values of a, bandc 

2. Determine the whether the x = 2, y - — l is a solution of 

equation 3x + 5» — 2 — 0. 

3. Find two solutions for 3v+4=0 

4. Find the value of k, if x = 
equation 2x + 3y=k. 

5. The cost of a notebook is twice the 
a linear equation 
statement. 


6. Give the equations of two lines Passing through (2 14) 
How many more such lines are there, and why? m 
Find four different solutions of the equation x * 2y-6 

8. The sum of the ages of Mrs. Mee id Dr ! 
Goyal is 80. Write a linear e 
represent the statement. 

9, Show that x = 2, y 
3x -4y * 6 - 0. 


2.y = l is a solution of the 


cost of a pen. Write 
in two variables to represent this 


nu Goyal and Dr. H.K. 
quation in two variables to 


= 3 satisfy the linear equation 
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DIRECTIONS: Give answer in 2-3 sentences. 





— 
. 


- 


(a) Verify 3 is solution of 5x - 8 = 7. 
(b) Check x = 2 isa solution of 5x + 7 — 3. 


Given the point (2, 11), find the equation ofa line on which 
it lies. How many such equations are there? 


If the point (3, 4) lies on the graph of the equation 
3y 7 ax * 7, find the value of a. 


Write each of the following equations in the form 


ax + by + c = 0 and indicate the values of a, b and c in 
each case : 


(i) 2x+3y=4.37 

(ii) x-4= 3yt 

(iii) 4 = 5x - 3y 

(iv) 2x 7 y. 

Write each of the following as an equation in two 
variables: 

(i) x=-5 (ii) y=2 

(iii) 2x 2 3 _ (iv) Sy =2. 

Find two solutions for each of the following equations: 


(a) 3x * 2y7 12 


(b) 3y * 5-0 
(c) 2x * 5-0 
Express y in terms of x in the equation 2x + 3y = II. 


Find the point where the line represented by the equation 
2x + 3y = |l cuts the y-axis. 


Find the points where the graph of the equation 
3x +4y = 12 cuts the x-axis and the y-axis. 
At what point does the graph of the linear equation 


x + y=5 meet a line which is parallel to the y-axis, at a 


distance 2 units from the origin and in the positive direction 
of x-axis? 


Determine the point on the graph of the equations 


2x + Sy = 20 whose x-co-ordinate is — times its 
ordinate. 


Draw the graph of the equation represented by the straight 


TAN PP ee OORE 
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umb which is parallel to the x-axis and is 4 units above it. 
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DIRECTIONS: Give answer in four to five sentences. 


l. 


Draw the graph of 2x + 3y = 9. Using the graph, check 
whether (3, 1) and (-1, 2) are solutions of the given 
equation. 

Draw the graph of the linear equation 2x * 3y — 12. At 
what points, the graph of the equation cuts the x-axis and 
the y-axis? 

Draw the graph of the line x — 2y = 3. 


Draw the graph of each of the following linear equations 
in two variables : 


(i) x *y-4 (il) x-y22^ 


. The taxi fare in a city is as follows : For the first kilometre, 


the fare is X 8 and for the subsequent distance it is X 5 per 
km. Taking the distance covered as x km and total fare as 
1 y, write a linear equation for this information, and draw 


its graph. 

If the work done by a body on application of a constant 
force is directly proportional to the distance travelled by 
the body, express this in the form of an equation in two 
variables and draw the graph of the same by taking the 
constant force as 5 units. Also read from the graph the 
work done when the distance travelled by the body is 

(i) 2units (ii) O unit l 

Solve the equation 2x + 1 = x — 3, and represent the 
solution(s) on | 

(i) the number.line, 

(ii) the.Cartesian plane. 


Give the geometric representations of 2x * 9 — 0 as an 
equation 


(i) inonevariable (ii) in two variables. 
Alka and Noori, two students of class IX, together 
contribute € 500 towards Prime Minister's Relief fund to 


help the earthquake victims. Write a linear equation which 
satisfies this data and draw the graph of the same. 
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DIRECTIONS: This section contains multiple choice questions. 


Each questions has 4 choices (a), (b), (c) and (d) out hich 
ONLY ONE is correct. (d) out of whic 


l. 


10. 


. (a)3x+2=0 


The linear equation 2x -5y = 7 has 

(a) A unique solution (b) Two solutions 

(c) Infinitely many solutions 

(d) No solution " 

The equation 2x + 5y = 7 has a unique solution, if x, y, 
are: 

(a) Natural numbers (b) Positive real numbers 
(c) Real numbers (d) Rational numbers 

If (2, 0) is a solution of the linear equation 2x + 3y =k, 
then the value of k is 

(a) 4 (b) 6 

(c) 5 (d) 2 

If (3, —2) is a solution of the equation 3x — py —7 = 0, then 
the value of p is 


(a) -1 
13 
(c) -7 


(b) 1 
(d) 2 


The value of x for which y 7 — 4 is a solution of the linear 
equation 5x — 8y = 47 is 


(a) -3 (b) 3 

(o 2 d -2 

A jonin of the equation 2x + Sy — 3 = 0 is 
(a) (5, - 2) (b) (-5,2) 

(c) (71, 1) (d) (1, - 1) 


Any solution of the linear equation 2x + Oy + 9 = 0 in two 
variables is of the form 
4 
n,-— 
aba 


(a) (-2.m) 
(d) C9,0). 


(0-9 


The graph of the linear equation 2x + 3y = 6 cuts the y-axis 


at the point 

(a) (2, 0) . (b) (0,3) 

(c) (3, 0) (d) (0, 2) 

The equation x = 7, in two variables, can be written as 
(a) 1l.x * 1l.y 27 (b) lx+0y=7 

(c) 0.x * l.y=7 (d) 0x -*0.y 77 


Which ofthe following equations represents a line parallel 
to x-axis? 
(b 3y+2=0 


(c) 3x * 2y 7 0 (d) 3x-2y=0 





12. 


13. 


14. 


Mathematics 


Which of the following equations represents a line parallel 


to y-axis? 

(a) 2y = 5x (b 2y=5 
(c).2x - 5 (d) 2x * 3y5 5 
Any point on the line y 7x is of the form 
(a) (a, a) (b) (0,a) 

(c) (a, 0) (d) (a,—a) 


Which of the following equations has a graph shown in 
the adjoining figure? 





(a) 2x * y - 0 (b 2x-»v-0 
(c) x * 2y 2 0 (d x—2y=0 


Which of the following equations has a graph shown in 
the adjoining figure? | 
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LINEAR EQUATION IN Two VARIABLES 


(a) 2Y f y * 0 
(c)yexrt4 
15. The graph of y+» 


(b) 
(d) ywavtd4 
6 isa line 
(a) parallel to x-axis at a distance 6 units Irom the origin 
(b) parallel to y-axis at a distance 6 units from the origin 
(c) making an intercept 6 on the x-axis, 
(d) making an intercept 6 on both the axes. 
16. Ifa linear equation has solutions (—2, 2), (0, 0) and (2, -2), 
then it is of the form 
(a) vy-x =0 (b x+y=0 
(c)-2x+y=0 (d) -v+2y"0 
17. The positive solutions of the equation ax + by + c= 0 
always lie in the 
(a) Ist quadrant (b) 2nd quadrant 
(c) 3rd quadrant (d) 4th quadrant 
18. The graph of the linear equation 2r + 3y = 6 is a line which 
meets the x-axis at the point 
(a) (0, 2) (b) (2,0) 
(c) (3, 0) (d) (0, 3) 
19. — Passing through the point (— 3, 5) 
(a) one and only one line can be drawn 
(b) two and only two lines can be drawn 
(c) only a finite number of lines can be drawn 
(d) infinitely many lines can be drawn 
20. If we multiply or divide both sides of a linear equation 
with a non-zero number, then the solution of the linear 
equation : 
(a) Changes 
(b) Remains the same 
(c) Changes in case of multiplication only 
(d) Change in case of division only 


yoy 


21. The point of the form (a, a) always lies on : 

(a) x-axis (b) y-axis 

(c) On the line v =x (d) Onthe line x * » * 0 
22. Which one of the following options is true, and why? 


y-73x* 5 has 

(a) a unique solution (b) only two solutions, 
(c) infinitely many solutions. 

(d) no E 


MTO “Mo SS ABENET 
lore than (5 One aata m. ech, 
DIRECTIONS: This section contains multiple choice questions. 


Each question has 4 choices (a), (b), (c) and (d) out d which ONE 
OR MORE may be correct. 








l, Which of the following is/are correct? 
(a) Solutions of the equation 4x + 3y = 12 are (0, 4) and 
(3, 0). 


(b) (o, -4) and (.-5) are solution of the equation 


3y * 4 7» 0. 


- 1j VE r i f 
4 COMPAR Ria VIO Qr P5 4 Rud we LX 
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(e) (0, 0) In a olution of the equation 2x ! 5v — 0 

(d) (2, 3) is one of the solution of the equation 
X t 2y ^ 6. 

Which of the following ii/are correct? 

(a) The equation Mx & Jy -7 has infinitely many 
solutions, 

(b) (-1, 1) is a solution of the equation ay -4y + 7 7 0 

(c) The linear equation M - y =x = 1 has no solution, 

(d)v ^ 5, v = 2 is a solution of the linear equation 
Y t2y" 7, 

Which of the following is/are not correct’? 

(a) Any point on the y-axis is of the form (v, 0) 

(b) The equation of y-axis is of the form x * y * 0 

(c) Any point on the x-axis is of the form (0, y) 

(d) The equation y + 3 = 0 represents a line, 

Which of the following is/are not the solutions of the 


equation x= 2y * 4? 
(b) (V2, 442) 


(a) (4, 0) 

(c) (1, 1) (d) (2,0) 

Which of the following is/are false statement? 

(a) The solution of a linear equation is affected when the 
same number is added to (or subtracted from) both the 


sides of the equation. 


Lad 


~ 


> 


ae 


(b) x¥-4= My is a lincar equation in two TARTIAN 

(c) Geometrical representation of ax + by + c 
straight line 

(d) Every solution of the linear equation is a point on the 
graph of the lincar equation, 

Check which of the following are solutions of the equation 

2v-y=4? 

(a)x=0,y=-4 


(c)x=I,yv=l 
y me INT LEYTON TATT Wr ERR 


uj» Passage Based Questions, - 


 —— CNN 
DIRECTIONS: Study the given paragraph(s) and answer the 


~Oisa 


28 


(b x=3,y=2 
(d v=0,x=2 


following questions. 





PASSAGE-I 


If the temperature of a liquid can be measured in Kelvin units as 
x°K or in Fahrenheit units as y°F, the relation between the two 


systems of measurement of temperature is given by the linear 
equation 


y= s 273) 32 


Find the temperature of the liquid in Fahrenheit if the 
temperature of the liquid is 313°K, 

(a) 10S°F (b) 104°F 

(c) 343°F (d) 100°F 

2. Ifthe temperature is 158?F, then the temperature in Kelvin 
is. 

(a) LOS°K 
(c) 343°K 


(b) 
(d) 


104°K 
100°K 
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PASSAGE-II 1. Column I Column II 
The linear equation that converts Fahrenheit (F) to Celsius (C) (A) x *y 20 (p (3/2, 3) 
IS given by the relation BP. w (-5, 5) 
c = 5F -160 (B) y-2x=0 q , 
093 — j (C) 3x+5y=0 (Q (9.75 
l. If the temperature is 35°C, what is the temperature in (D) 2x-y= 12 (s) (0, 0) 
Fahrenheit is (t) (-5, 3) 
(a) 95°F (b) 96°F (u) (5,-3) 
(c) 98°F (d) 94°F 
2. What is the numerical value of the tem ich i TOV A 5 
perature which is ubjectine Uestions 
same in both the scales? p> Plats Ji eM A Q 
(a)40 ` (b) -40 - 
(c) 50 (d) -50 DIRECTIONS: Answer the following questions. 


— 


FRIH PORT ARARA S UN GU x i Draw the graph of each of the following linear equations 
Y [ ' NA ERAN E AA r E 44 e . 


(i) y=3x (ii) 322x * y 


«v 


eee 
DIRECTIONS: Each of these questions contains an Assertion 





followed by reason. Read them carefully and answer the question = Pres ie choices E "m -— choose " opnaa 
on the basis of following options. You have to select the one that ET nare given E hig land Fig. 14 
hest describes the two statements. For Fig. | For Fig. 2 
(a) If both Assertion and Reason are correct and Reason is (i) y-x (i) y=x+2 
the correct explanation of Assertion. (ii) x+y=0 (il) y=x-2 
(b) — If both Assertion and Reason are correct, but Reason is (iii) y= 2x (iii) y =-x +2 
not the correct explanation of Assertion. (iv) 2+ 3y 2 7x (iv) x+2y=6 
(c) If Assertion is correct but Reason is incorrect. 
(d) If Assertion is incorrect but Reason is correct. 
l. Assertion : A linear equation 2x + 3y = 5 has a unique 
- solution. 


Reason : A linear equation in two variables has infinitely 
many solutions 


2. Assertion : All the points (1, 0), (-1, 0), (2, 0) and 
(5, 0) lie on the x-axis. l 
Reason : Equation of the x-axis is y = 0 

is Assertion : The point (0, 3) lies on the graph of the linear 
equation 3x + 4v = 12. 
Reason : (0, 3) satisfies the equation 3x + 4y = 12. 

4. Assertion : The graph of every linear equation in two 
variables need not be a line. 
Reason : Graph of a linear equation in two variables is 
always a line. 

S. Assertion : The graph of the equation 3x + y = 0 is a line 


passing through the origin. 

Reason : An equation of the form ax + by + c = 0, 
where a, b, c are real numbers is called a linear equation 
in x and y. 


re 7 im Ci sangap 
DIRECTIONS: Following question has four statements (A, B, C 
and D) given in Column | and statements (p, q, r, s, ...) in Column 
II. Any given statement in Column I can have correct matching 


with one or more statement(s) given in Column II. Match the 
entries in Column I with entries in Column ll. 








Fig. 2 
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LINEAR EQUATION IN Two VARIABLES «/5:5:000 27:05 PRADA UAI a uttter 
3. Draw the graph of each of the following equations: 5. The work done by a body on application of a constant 
: E TE i ce and the distance 
(i) x=0 (ii) y = 0 (iii) x = 4 (iv) y 23 force is the product of the constant force and | 
travelled by the body in the direction of force. Express this 
(v) vy+4=0 (vi)x+2=0 


in the form of a linear equation in two variables and draw 
4. The autorikshaw fare in a city is charged X 10 for the first its graph by taking the constant force as 3 units. What is 


kilometer and @ € 4 per kilometer for subsequent distance the work done when the distance travelled is 2 units. Verify 





covered. Write the linear equation to express the above it by plotting the graph. 
statement. Draw the graph of the linear equation. i 
[98] , VACHES) USED TODOS CER! FUHR NR Oii oiii M ue ^ 





Since, x = 2, y= | isa solution of the equation 
2x + 3y = k, therefore these values will satisfy the 
equation. 
So, we put x = 2 and y = | in the equation, we get 
2(2)+3(1)=k=>k=7. | 
Let the cost of a note book be € x and the cost of a pen be 
ty. 
According to the question, ' 
x=2y => x-2y=0 which is the required linear equation 
in two variables. 
The equations'of two lines passing through (2, 14) can be 
taken as 
x+y=16 and 7x - y - 0. 
So, There are infinitely many such lines because through 
a point an infinite number of lines can be drawn. 
(2, 2), (0, 3), (6, 0) and (4, 1). 
x+y=80 
Substituting x = 2, y = 3 in the given equation, we get 
LHS =3 x 2-4x3+6=0=RHS. 
" X=2,y=3 satisfy 3x-4y+6=0 


(a) Sx -8 =7 
L.H.S. 25x -8- 5x 3-8, (on putting x = 3) 
=15-8=7 
and R.H.S. = 7 


EXERCISE | 4. 

FILL IN THE BLANKS 
l. infinitely many 
2: straight line 
3. P, X 
4. consistent 5. 
S. dependent 
6. y 
7. x 
8. origin. 6 
9, solution ] 
10.  Apoint on the number line. 
TRUE/FALSE 
l. False Ts 
È, False 8. 
3. False 9, 
4 True 
5. True 
6 False, the points (2. 0). ( -3, 0) lie on the x-axis. The point 

(4, 2) lies in the first quadrant. The point (0, 5) lies onthe SHORT ANSWER QUESTIONS 

y-axis. 1. 
7s True, since the line parallel to y-axis at a distance a units 

to the left to v-axis is given by the equation x = — a 
8. False, because x = 0, v = 0 does not satisfy the equation. 


MATCH THE COLUMNS 
1. (A) > (q); (B) > (s): (C) > (r); (D) > (p) 
2. (A) > (r); (B) > (q); (C) 2 (s); (D) > (p) 


VERY SHORT ANSWER QUESTIONS 2. 


l. Given equation is y - 2-0 
= 0.c* L.y-2=0 
Comparing with ax + by + c = 0, we get a = 0, 5 = |, 


nin 
2. Given eg. is 3st 5y -220 o niiin (1) 
Taking L.H.S. =3x + 5y-2=3x2 +5 x (-1)-2 3. 


=6-5-2=-1#0 
Here L.H.S. # R.H.S. therefore x = 2, y = - | is nota 
solution of given equation. 
3. Writing the equation 3y + 4 =O as 0.x + 3y + 4 = 0, we will 


find that y = a for any value of x. Thus, two solutions 


4 4 
can be given as (o. i) and (i - $) 


Hox 


On putting x = 3, we find that L.H.S. = R.H.S. 
Hence, the solution of the given equation is x = 3. 


(b) x 2 is not a solution of 5x + 7 = 3 as we substituting 
x = 2 in the equation. 
L.H.S.=5*2+7=174RHS. 

Given point (2, 11) i.e, x 2 2 and y= || 

By addition, we get x + y 2 2 4 11 = 13 


By subtraction, we get x -y- 2-11 =—9 
Hence x *y 7 13 and x — V 7 — 9 are two lines passing 


through (2, 11). Infinite number of lines may be drawn 
through the point (2, 11). 


, Since, the point (3, 4) lies on the graph of the equation 


Jy = ax +7, therefore this point satisfies the equation So. 
we put x = 3, v = 4 in piven equation, we get 
3(4) = a(3)+7 


12 = 3a +7 

3a=12-7 
3a=5§ 
=> "M 
3 
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LINEAR Equation IN Two VARIABLES 


4. 


10. 


I. 


(i) 2x+3y-—4.37=0; 
a=2,b=3andc=-4.37 
(ii) x-V3y-4=0;a=1,b=-V3,c=-4 


(iii) —Sx+3y+4=0;a=-5,b=3andc=4 
or 5x —3y-4=0;a=5,b=-3 andc=-—4 

(iv) 2x—y+0=0;a=2,b=-1 andc=0. 

(i) Ix+0y+5=0 

(ii) Ox+ ly-2=0 

(iii) 2x -0y-3-20 

(iv) Ox + Sy—2=0. 


(a) (0, 6), (4, 0) 


11-2x 2j 
——— 0, — 
FU S 3 


The graph of the linear equation 3x + 4y = 12 cuts the x-axis 
at the point where y = 0. On putting y = 0 in the linear 
equation, we have 3x = 12, which gives x = 4. Thus, the 
required point is (4, 0). ` 


The graph of the linear equation 3x + 4y = 12 cuts the 
y-axis at the point where x = 0. On putting x = 0 in the 
given equation, we have 4y = 12, which gives y = 3. Thus, 
the required point is (0, 3). 


The co-ordinates of the points lying on the line parallel 
to the y-axis, at a distance 2 units from the origin and 
in the positive direction of the x-axis are of the form 
(2, a). Putting x = 2, y = a in the equation x + y = 5, 
we get a = 3. Thus, the required point is (2, 3) 


As the x-coordinate of the point is — times its ordinate, 


therefore, x = 5 y. 
2 
Now putting x = žy in 2x + 5y = 20, we get 5y = 10. 


Therefore, x = 5. Thus, the required point is (5, 2) 


Any straight line parallel to x-axis is given by y = k, where 
k is the distance of the line from the x-axis. Here k = 4, 
Therefore, the equation of the line is y = 4. To draw the 
graph of this equation, plot the points (1, 4) and (2, 4) and 
join them. This is the required graph (sce fig.) 


a QUSS iA e E Lote TN TA ak 
COE EEL MAGEE CSI AH DR MANOS. Say te 





l. 


(1.4) (2,4) 


(3,4) (4,4) 





The given equation is 2x + 3y = 12. To draw the graph 
of this equation, we need at least two points lying on the 
graph. 


From the equation, we have y= mca 





For x = 0, y = 4, therefore, (0, 4) lies on the graph. 
For y 7 0, x 7 6, therefore, (6, 0) lies on the graph. 
Now plot the points A(0, 4) and B(6, 0) and join them 
(see Fig.), to get the line 4B. Line AB is the required graph. 


You can see that the graph (line 4B) cuts the x-axis at the 
point (6, 0) and the y-axis at the point (0, 4). 
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» 4 





3. Here given equation is x — 2y =3 


Solving it for y we get, 2y-x-3 > jat 
2 





Let x = 0, then jar 
2 2 
x = 3, then VA ag. 
2 

1 l yh 

- ire 

T By 3 PEU NE 

r7cL-Tr-T-T- | 1 M» cel es Os eee ee e (ii) Given equation is x — y = 2 

' e pod MM DI HB e a a a " Now take certain values of y and find their corresponding 

| values of x. 

KT 2 - For < pe 

; "Em a ia a AN y l;x- 3 
y=2,x=4 


T. = il E. awa | td ie iu i -. The corresponding table is 
5-3-5 Now we plot the points (2, 0), (3, 1) and (4, 2) on the 


x=-2,then y=—— =— graph paper and join them to get the corresponding line 
2 2 of the linear equation x — y = 2. 





Hence, we get, 


Fas wees 
Cy Ew [0 2 


Now, we plot these points on a graph paper and join 
them to get a straight line. 


4. (i) Given equation isx+y=4 or y=4-x 


Now, we take certain values of x and find their 
corresponding values of y 


For x=0,y=4-0=4 





x=1,y=4-1=3 | 5. Total distance covered = x km 
x=2,y=4-2=2 Total fare = X y 
Tale te given'tielow: Fare for the first kilometre = € 8 
Subsequent distance = (x — 1) km 


ix]1ol3|2. | Fare for the subsequent distance = € 5(x — 1) 
ry fa) 3 | 2] According to the question, 


y7*8-5(x-1) 
=> y=8+5x-5 


i 1, 3) and (2, 2) on 
Now we plot the points (0, 4), (1, 3) and (2, 2) Dag cese 


the graph and join them to get the straight line which 

represents the linear equation x + y= 4. Table of solutions FELIEA 
FIEIS 

We plot the points (0, 3) and (1, 8) on the graph paper 


and join the same to get the line which is the graph of the 
equation y = 5x + 3. 
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Linear Equation IN Two VARIABLES = - > oH HR EL Ss - ! 


Through B, draw a line parallel to OX to intersect 
OY at C. Then C will be (0, 10) 


-. Work done when the distance travelled by the body 
is 2 units = 10 units. 


(ii) Clearly y = 0 when x = 0. So, the work done when 
the distance travelled by the body is 0 unit = 0 unit. 


g A We solve 2x + 1 2 x - 3, 
=> 2x-x--3-l 
je, x-2-4 
(i) The representation of the solution on the number line 
is shown in below given Fig where x = — 4 is treated 


as an equation in one variable. 
x= 


| 


-5 -4 -3 -2 -1 0 12 34 5 


6. Let the work done by the constant force be y units and the (ii) We know that x = — 4 can be written as x + 0. 


distance travelled by the body be x units y 7—4, which is a linear equation in two variables x 
' and y. Now all the values of y are permissible because 


0.y is always 0. However, x must satisfy the equation 
We have, x = — 4. Hence, two solutions of the given equation 
Work done = Force x Displacement aeex--4,y-Üandx--4,y-2. — 

The graph of x + 0.y — —4 is the straight line AB parallel 
to the y-axis and at a distance of 4 units to the left of it. 





Constant force = 5 units 


=> y=5x 
Table of solutions 

px} oti 2 

py tots | 10) 
We plot the points (0, 0) and (1, 5) on the graph paper 
and join the same to get the line which is the graph of the 
equation y = 5x. 





=i 


vA Serie B (2, 10) 





Similarly, you can obtain a line parallel to the x-axis cor- 
responding to equations of the type v = 3 
or 0x *t1.y73. 


8.  Thegiven equation is 
2x *9-0 


(i) In one variable 


Now CO - OOS 


wa (- - om - - ee ee ee ew eee eee ee ee 


2x*920 >x= - 


The representation of 2x + 9 = 0 on the number line is as 
shown below: 


9 
(i) Let A be (2,0). Through A, draw a line parallel to i 
OY to intersect the graph of the equation v = 5x at B. -5-4-3-2-1 0 1 2 
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(ii) In two variables EXERCISE 2 


2x +9 = 0 can be written as 2x +0.y+9=0 





i i ion i ESTIONS 
It is a linear equation in two variables x and y. MULTIPLE CHOICE QV 


This is represented by a line. All the values of |: © ^ 3 

y are permissible because Oy is always 0. However, x = Mw) i 

must satisfy the relation 2x + 9 = 0, 5. (b) Hint: As y=- 4 isa solution of 5x - 8y = 47 
— 5x-8(-4)=47 => 5x*32-47 


Hence, two solution of the giv i 
given equation are c gays cy eed 


9 
x= 72: »70andx- -2 y=2. 6. (c) 7. (a) 
np 8. (d) 9. (b) 
The graph AB is a line parallel to the y-axis and ata — 10, (b) ‘ H. (c) 
distance of 2 units to the left of it. 12. (a) 13. (b) 
2 14. (d) 15. (a) 
16. (b) 17. (a) 
18. (c) 19. (d) 
20. (b) 21. (c) 


22. (c) y=3x +5 has infinitely many solution, because for every 
value of x, there is a corresponding value of y and vice-versa. 


MORE THAN ONE CORRECT 


1. (a), (b), and (c) 2. (a) and (b) 
3. (a,b,c) 4. (b,c, d) 
5. (a,b) 


6. (ab) (x=0,v=-4), (x=3, y=2) 
PASSAGE BASED QUESTIONS 





9. Let Alka and Noori contribute € x and € y respectively, 1. (1) (b) 104°F (2) (c) 343*K 
then the linear equation satisfying the given data is 2. (1) (a) 95°F (2) (b) —40 
x+ y= 500. 


ASSERTION AND REAS 
Let 1 cm represent 100 on both axes. The graph of the — ON _ 
À -— d 


linear equation is shown in the adjoining figure. 3. (a) 4. (d) 
Note that as the values of x or y cannot be negative, the 5. (b) ` 


graph of the given data is the line segment AB. 
MULTIPLE MATCHING QUESTIONS 


l. (A) > (q, s); (B) > (p); (C) > (t), (u); (D) > (1) 


HOTS SUBJECTIVE QUESTIONS 
l. (i) Given equation is v = 3x 
Now we take certain values of x and find the 
corresponding values of y. 
When x=0,y=3x0=0 
x=ly=3x1=3 
x =2,y=3x2=6 
The corresponding table is 


oe] Oo Jil 2 
fy] o [3] 6 | 
Thus, we get the points (0, 0), (1, 3), (2, 6) and we 


plot them on the graph paper and join to get a straight 
line which is the representation of y = 3x. 


100 





100 200 300 400 B(500,0) X 
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(ii) Given equation is 3 = 2x + y 
or y=3-2x: 
Now, we consider certain values of x and find their 
corresponding values of v. 
When x=0,y=3 
x=l,y=1 
x=2,y=-1 
_ Thus, the points are (0, 3), (1, 1) and (2, — 1) and 
join them to get straight line which is the graphical 
representation of the given linear equation. 





2. For Fig. (1) 
The correct equation is (ii), Which is x + y= 0. 
Because it passes through origin and when x = 1, y - -l 
and x =—1 and y= 1 
For Fig, (2) 
The correct equation is (iii), Which is y =- x + 2. 
Because, when x = 0, y= 2 and x 22, y - 0 
Thus, points are (0, 2) and (2, 0) 


As discussed above, we have: 

(i) x= 0 is the equation of the y-axis. 
-. the graph of x = 0 in the line YOY’ 

(ii) y= 0 is the equation of the x-axis. 
<. the graph of y = 0 is the line X 'OX. 

(iii) x = 4 is the line AB, parallel to the y-axis, at a distance 
of 4 units from it, to its right. 

(iv) y 7 3is the line CD, parallel to the x-axis, at a distance 
of 3 units from it, above the x-axis. 

(v) y *4202y-7-4. 
y=-4 is the line EF, parallel to the x-axis, at a distance 
of 4 units from its, below the x-axis. 

(vi) x 2202» x 7-2. 
x--2isthe line GH, parallel to the y-axis, at a distance 
of 2 units from it, to its left. 





Let the total distance covered be x km and the fare charged 
X y. Then for the first km, fare charged in X 10 and for 
remaining (x — 1) km fare charged is X 4(x - 1): 
Therefore, y= 10+ 4(x- 1) = 4x * 6 


The required equation is y = 4x + 6. Now, when x = 0, 


y= 6 and when x =—1, y = 2. The graph is given in fig. . 
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5. Work done = (constant force) x (distance) 
= 3 » (distance), 

l.c... = 3. where Y (units) is the work done and x(units) is 
the distance travelled. Since x = 2 units (given), therefore 
work done = 6 units. To plot the graph ofthe linear equation 
Y = 3x, we need at least two solutions of the equation. 
We see that x = 0, v = 0 satisfies the given equation also 
x= l, v — 3 satisfies the equation. 
Now we plot the points A(0, 0) and B(1, 3) and join AB 
(see Figure). The graph of the equation is a straight line. 
To verify from the graph, draw a perpendicular to the 
x-axis at the point (2, 0) meeting the graph at the point C. 
Clearly the coordinates of C are (2, 6). It means that the 
work done is 6 units. 
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CHAPTER 


Euclid (325 BC — 265 BC) 


-Introduction to Euclid’ Geo ome try and | 
© Present Da y  Geometry- „Lines á Angles I "E 











The word 'Geometry' comes from the Greek. The ancient people faced several practical problems like 
measurement of land, computing volumes of granaries, construction of pyramid, construction of altars 
(or vedis) and fire places for performing vedic rites. So the geometry was studied in various forms in 
every ancient civilisation, in Egypt, Babylonia, China, India, Greece etc. 

Euclid (325 BC — 265 BC), a teacher of mathematics at Alexandra in Egypt, collected all the known 
work and ranged it in his famous treatise, called ‘Elements’. He divided the ‘Elements’ into thirteen 
chapters, each called a book, Euclid s Elements form one of the most beautiful and influential works of 
mathematics. These books influenced the whole world’s understanding of geometry. In this chapter, we _. 
shall discuss Euclid’s approach of geometry and shall try to link it with the present day geometry. 


Euclid began his exposition by listing 23 definitions in Book-1 of the ‘Elements . 
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Euclid collected all the known work and arran 
ch 





ged in his famous treatise called ‘Elements’. He divided the Elements into thirteen 
apters, each called a book. Euclid began his exposition by listing 23 definitions in Book-1 of the ‘Elements’. 


23 DEFINITIONS FROM BOOK-1 

Definition 1 

A point is that which has no part. 

Definition 2 

A line is breadthless length. 

Definition 3 

The ends of a line are points. 

Definition 4 

A straight line is a line which lies evenly with the points on itself. 
Definition 5 

A surface is that which has length and breadth only. 

Definition 6 

The edges of a surface are lines. 

Definition 7 

A plane surface is a surface which lies evenly with the straight lines on itself. 
Definition 8 


A plane angle is the inclination to one another of two lines in a plane which meet one another and do not lie in a 
straight line. 


Definition 9 
When the lines containing the angle are straight, the angle is called rectilinear. 
Definition 10 


When a straight line standing on a straight line makes the adjacent angles equal to one another, each of the 
the straight line standing on the other is called a perpendicular to that on which it stands. 


Definition 11 

An obtuse angle is an angle greater than a right angle. 
Definition 12 

An acute angle is an angle less than a right angle. 

Definition 13 

A boundary is that which is an extremity of anything. 
Definition 14 

A figure is that which is contained by any boundary or boundaries. 
Definition 15 


A circle is a plane figure contained by one line such that all the straight lines falling upon it from one point among those lying within 
the figure equal one another. 


Definition 16 

The point within the circle from which all the straight lines falling on it are equal is called the centre of the circle. 
Definition 17 

A diameter of the circle is any straight line drawn through the centre and terminated in both directions by the circumference 


equal angles is right, and 


of the 
circle, and such a straight line also bisects the circle. 
Definition 18 
A semicircle is the figure contained by the diameter and the circumference cut off by it. And the center of the semicircle is the same 


as that of the circle. 
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Definition 19 


Rectilinear figures are those which are contained by straight lines, trilateral figures being those contained by three, quadrilateral those 
contained by four, and multilateral those contained by more than four straight lines. 


Definition 20 


Of trilateral figures, an equilateral triangle is that which has its three sides cqual, an isosceles triangle is that which has two of its 
sides alone equal, and a scalene triangle is that which has its three sides unequal. 


Definition 21 


Further, of trilateral figures, a right-angled triangle is that which has a right angle, an obtuse-angled triangle is that which has an 
obtuse angle, and an acute-angled triangle is that which has its three angles acute. | 
Definition 22 


Of quadrilateral figures, a square is that which is both equilateral and right-angled; a rectangle is that which is right-angled but not 
equilateral; a rhombus is that which is equilateral but not right-angled; and a rhomboid is that which has its opposite sides and angles 
equal to one another but is neither equilateral nor right-angled. And the quadrilaterals other than these be called trapezia. 
Definition 23 


Parallel straight lines are straight lines which being in the same plane and being produced indefinitely in both directions, do not 
meet one another in either direction. | 


UNDEFINED TERMS 


If you carefully study these definitions, you find that some of the terms like part, breadth, length, evenly, etc. need to be further 

explained clearly. So, to define one thing, you need to defined many other things, and may get a long chain of definitions without an 
end. For such reasons, mathematicians agree to leave some geometric terms undefined. However, we have an institutional feeling of 
these undefined terms. In Euclid's geometry a point, a line and a plane are taken as undefined. But we can represent them intuitivly 
and explain them with the help of ‘Physical models’. 


EUCLID’S POSTULATE AND COMMON NOTIONS (OR AXIOMS) 


Starting with his definitions, Euclid assumed certain properties, which were not to be proved. These assumptions are actually “obvious 
universal truths'. He divided them into two types: postulates and common notions (or axioms). He used the term *postulate' for 
the assumptions that were specific to geometry. Common notions often called axioms, on the other hand, were assumptions used 
throughout mathematics and not specifically linked to geometry. . 


Some of Euclid’s notions (or axioms), not in his order, are given below: 


COMMON NOTIONS (OR AXIOMS) 

1. Things which equal the same thing also equal one another. [Note that, this common notion can be apply to plane figures 
only. 

2. If s are added to equals, then the wholes are equal. [Note that, magnitude of only same kind can be added.] 

3.  Ifequals are subtracted from equals, then the remainders are equal. [Note that, magnitude of only same kind can be subtracted 
from larger one.] 

4. Things which coincide with one another equal one another. [Note that, if two things are identical, then they are equal.] 

5. The whole is greater than the part. 

6. Things which are double of the same things are equal to one another. 

7. Things which are halves of the same things are equal to one another. 


POSTULATES 
Euclid's five postulates are given below: 
Postulate 1 


A straight line may be drawn from any one point to any other point. 


This first postulate says that for given any two points such as A and B, there is a unique line AB whose end points are 
A and B. | 


Postulate 2 
A terminated line can be produced indefinitely. 
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Euclid's terminated line is now called line segment. So, according to the present day terms, the second postulate say that a fine 
segment can be extended on either side to form a line. 


Postulate 3 


A circle can be drawn with any centre and radius. 
Postulate 4 


All right angles equal one another. 
Postulate 5 


If a straight line falling on two Straight lines makes the interior angles on the same side of it taken together less than two right 
angles, then the two straight lines, if 


e produced indefinitely, meet on that side on which the sum of the angles is less than the two 
right angles. 


For example, in the figure, the line P 


ex Q falls on lines AB and CD such that the sum of the interior angles 1 and 2 is less than 180° 
on the left side of PQ. Therefore, the line 


s AB and CD will eventually intersect on the left side of PQ, if the produced mfinitely. 





E 


Now-a-days, ‘postulates’ and ‘axioms’ are terms that are used interchangeably and in the same sense. 
Equivalent Versions of Euclid’s Fifth Postulate A 


Euclid's fifth postulate is very significant in the history of mathematics. There are severa 


l S er l equivalent versions of this postulate. 
One of them is ‘Playfair’s Axiom’ (given by a Scottish mathematician John Playfair in 172 


9), as stated below: 
‘For every line / and for every point P not lying on /, there exists a unique line m passing through P and parallel to line P^ 


From figure you can see that of all the lines passing through the point P, only line m is parallel to line /. 


This result can also be stated in the following form: 
Two distinct intersecting lines cannot be parallel to the same line. 


CONSISTENT SYSTEM OF AXIOMS 


A system of axioms is called consistent if it is impossible to deduce from these axioms a state 
previously proved statement. 


PROPOSITIONS OR THEOREMS 
After Euclid stated his postulates and axioms, he used them to prove other results, Then using these results, he proved 
results by applying deductive reasoning. The statements that were proved are called propositions or theorems. 


Euclid deduced 465 propositions in a logical chain using his axioms, postulates, definitions 
chain. 


Now we prove a theorem, which is frequently used in different results: 
THEOREM 


Two distinct lines cannot have more than one point in common. 


ment that contradicts any axiom or 


some more 


and theorems proved earlier in the 
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Proof 


For the time being, let us suppose that the two lines intersect in two distinct points, say P and Q. So, you have two lines vile 
through two distinct points P and Q. But this assumption clashes with the axiom that only one line can pass through two distinct 
points. So, the assumption that we started with, that two lines can pass through two distinct points Is wrong. 


Therefore, we conclude that two distinct lines cannot have more than one point in common. 


NON-EUCLIDEAN GEOMETRY 


All the attempts to prove Euclid’s fifth postulate using first 4 postulates failed. But they led to the discovery of several other geometries, 
called Non-Euclidean Geometries. 
Euclidean Geometry is valid only for the figures in the plane. On the curved surfaces, it fails. 


Creation of non-Euclidean geometry is considered a landmark in the history of thought because till then every one had believed 
that Euclid’s was the only geometry and the world itself was Euclidean. 


emm PE DSO 
- [S 
5 


LINE, LINE-SEGMENT AND RAY 


Line is a set of infinite points that has no end point. If A and B are any two points on line / then we denote the line as AB and 






is represented as 


A B 
We also denote the line by a single small English Alphabet say / and represented as 


—————— 
l 


Line-Segment is a part of a line that has two end points. It is of finite length and cannot be extended further. Line segment is 
denoted as AB where A, B are its end points and is represented as 


———————M 


A B 
Ray is a part of a line with one end point. It can be extended infinitely on one side. Ray is denoted as 4B where 4 is the end 
point and B is any other point on the ray is represented as 


MM 
A B 


Here B is not the end point "- 
We can extend the ray towards B from A infinitely. 


ANGLE 


Two rays which have common end point form an angle. The rays making an angle are called arms of the angle. Angle can be acute, 
obtuse, right, reflex and straight and angle is represented in degree (°) 


TYPES OF ANGLES 


A 
1. Acute angle : 
ZAOB =x 
O x ` 0° < x « 90? 
M. 

k , 

2. Right angle : ZAOB = y [ Right angle is represented as hy ] 
Jy o 
O B pen 
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3. Obtuse angle: 4 
š ZAOB =z 


90° < z < 180° 


4. Straight angle: ——£cà ZAOB = 180? 


5. Reflex angle: Reflex ZAOB = 360-240B = p 
180°< p<360° 
p B 
SPECIAL TYPE OF ANGLES 
ADJACENT ANGLES 


Two Angles having a common vertex, a common arm and their non-common arms lying on different sides of the common arm are 
said to be adjacent angles. 


Ph. 
Op 


ZAOB and ZBOC are adjacent angles. 


COMPLIMENTARY AND SUPPLEMENTARY ANGLES 
If sum of two angles is 90° they are complimentary angles and if sum of two ing is 180° they are supplementary angles. 


LINEAR PAIR OF ANGLES 
If the non common arms of two adjacent angles form a line then the adjacent angles are termed as Willbcor angles. 
B i | 
bd tJ 
Re 
A O C ZAOB and ZBOC are lincar pair of angles and their sum is 180°. 


ZAOB + ZBOC =180° 


VERTICALLY OPPOSITE ANGLES 


Angles tormed on opposite side when two lines intersect are vertically opposite angles. 


ZAOD, ZBOC are vertically opposite angles and are equal. 


Similarly, ZBOD and ZAOC are vertically opposite angles and are equal 





ZAOD = ZBOC 
ZAOC = ZBOD 
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INTRODUCTION TO EucLiD's GEOMETRY AND PRESENT D 
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Illustration 1 : In the given figure lines PQ and RS intersect each other at point O. If ZPOR: ZROQ - 7:11, find all the 
angles. 


P 





SOLUTION : Here 
ZPOR + ZROQ - 1809 
Let APOR - 7x and ZROQ =11x [As their ratio are given] 
So, 7x*11x 2180 
18x 2180 = x=10 
= ZPOR =7x10=70°, ZROQ =11x10=110° 
ZSOQ = ZPOR=70° [Vertically opposite angles] 
ZPOS = ZROQ =110° [Vertically opposite angles] 
PLANE y 
A plane is never ending flat surface which extends indefinitely in all directions. It therefore has only two dimensions-length and 


breadth. It has no thickness. 
The surface of wall, floor and ceilling of a room and table top are some examples of a portion of plane. 


PARALLEL AND INTERSECTING LINES 


Two lines in a plane are’ either parallel or intersecting. If the distance between two lines in a plane are same everywhere, then they 
are called parallel lines. Otherwise called intersecting lines. The distance between two intersecting lines is zero. If two or more lines 
parallel to the same line, then all the lines are parallel to each other. 


! | p 
| 4 — —————————»5 m 


« ———————————5 n q 


m and n are parallel lines. p and q are intersecting lines. If two lines m and n are parallel then we can write it as m || n. 


If two lines p and q are intersecting lines than we can write it as m y n. 


TRANSVERSAL LINE 


A straight line intersecting two or more straight lines in distinct points is known as a transversal to the two given lines, 
In the figure, the line / is a transversal which intersects two lines m and n forming eight angles - 
Z1, Z2, Z3, ZA, Z5, Z6, Z7 and Z8. 
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RELATED TERMS 


(i) Exterior Angles : Exterior angles are the angles lying outside the region between the two lines, which are intersected by a 
transversal. In the given figure Z1, Z2, Z7 and Z8 are exterior angles. 

(ii) Interior angles : Interior angles are the angles lying inside the region between the two lines, which are intersected by a 
transversal. In the given figure Z3, Z4, Z5 and Z6 are interior angles. 

(iii) Corresponding angles : Corresponding angles are the pair of angles lying on the same side of the transversal, both 
of which either lie above the two lines or below the two lines intersected by a transversal. In the given figure Z1 & Z5, 
Z2 & £6, Z3 & 7, Z4 & Z8 are pair of corresponding angles. 

(iv) Vertically opposite angles : Vertically opposite angles are the pair of angles whose arms form two pairs of opposite rays. 
In the figure (71 & Z3), (Z2 & Z4), (Z5 & Z7) and (Z6 & Z8) are pair of vertically opposite angles. 

(v) Alternate interior angles : Alternate interior angles are the pair of angles lying in the region between the two lines 


(intersected by a transversal) and on the opposite sides of the transversal but one below the transversal and other above the 
transversal. In the above figure (Z4 & Z6) and (73 & Z5) are pair of alternate interior angles. 


(vi) Alternate exterior angles : Alternate exterior angles are the pair of angles lying outside the region between the two lines 
(intersected by a transversal) and on the opposite sides of the transversal but one below the transversal and other above the 
transversal. In the given figure (Z1 & 7/7) and (Z2 & Z8) are pair of alternate exterior angles. | 


Special Case : 


If lines m and n are parallel i.e. m || n then 


(1) Corresponding angles are equal i.e. 

Zl122425,222 26, 732 Z7 and Z4- Z8 n 
(ii) Alternate interior angles are equal i.e. 

Z4= Z6and Z3 - Z5 E. 
(iii) Alternate exterior angles are equal i.e. 


£1 = Z7 and <2 = Z8 





(iv) |, Exterior angles on the same side of the transversal are supplementary i.e. 
Z1+ Z8 =180° and Z2 = Z7 = 180° 
(v) Interior angles on the same side of the transversal are supplementary i.e. 


24+ Z5 = 180° and 23+ Z6 = 180? 


Illustration 2 : In the given figure if AB | | CD, ZAPQ = 50° and ZPRD = 127°, find a and b 


SOLUTION ; In the given figure, 


ZAPQ = ZPOR {alternate interior opposite angles} 

=> a= 50° 

Also — ZAPR- ZPRD (alternate interior opposite angles] | 
50+b=127 


b =127 -50 = 77° 





THEOREM 1 : Prove that the sum of the three angles of a triangle is 180°. 
Given: A triangle ABC. 

- To prove: ZA + ZB + ZC= 180°. 
Construction: Through A, draw a line DE parallel to BC 
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n ix 
= PROOF : Since DE || BC, therefore, | | | A 
22 = Z4 S.D [Alternate Zs] ` 
and Z3 = Z5 | et) [Alternate Zs] 
22+ 23 - Z4* Z5 Fut [Adding (1) and (2)] 
Adding Z1 to both sides of (3), we have | 
ZV*Z2*Z3- Zl* Z44 Z5 (4) | 
But Z4*Zl-*Z5- 180? (5) [Linear Pair Axiom] 
From (4) and (5), we have B £ 
"rta + 22+ 23 = 180°, ie, ZA + ZB + ZC = 180 
Thus, the sum of the three angles of a triangle is 180°. j e Lic. pa 


THEOREM 2 : If a side of a triangle is produced, then the exterior angle so formed is equal to the sum of the two interior 
opposite angles. 


Given : A triangle ABC of which sides AB, BC and CA are produced. 
To prove : ZBAF = ZABC + ZACB 
| ZCBD = ZBAC + ZACB AE | "n 
and ZACE = ZBAC + ZABC 
PROOF : ZBAF + ZBAC = 180° i mE [Linear pair axiom] 
In A4BC, ZBAC + ZABC + ZACB = 180° ..-(i1) 
From equation (i) and (ii), we get | | 
© ZBAF+ ZBAC = ZBAC + ZABC + ZACB 
= ZBAF = ZABC + ZACB 
Similatly we can prove that 
| ZCBD = ZBAC + ZACB 
and ZACE = ZBAC + ZABC 





Questions based on Euclid's Geometry are marked with ‘°’ in Miscellaneous Solved Examples and both : 
; Exercises-1 and 2 LM Nm 
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MISCELLANEOUS 


Solved Examples 


If A, B and C are three points on a line, and B lies between A and C (Fig.), then prove that AB + BC- AC. 


ee eee 
B / 


A 





SOLUTION : In the figure given above, AC coincides with IB + BC. 


Also, Euclid's Axiom (4) says that things which coincide w ith one another are equal to one another. So, it can be deduced that 45 
+ BC » AC. 


Note that in this solution, it has been assumed that therc is a unique linc passing through two points. 


La X EE Consider the following statement : There exists a pair of straight lines that are everywhere equidistant from 


one another. Is this statement a direct consequence of Euclid's fifth postulate? Explain. 


SOLUTION : Take any line ¢ and a point P not on / . Then, by Playfair's axiom, which is equivalent to the fifth postulate, we know 
that there is a unique line m through P which is parallel to ! . 


Now, the distance of a point from a line is the length of the perpendicular from the point to the line. This distance will be the same 
for any point on m from f and any point on / from m. So. these two lines are everywhere equidistant from one another. 


LEM LEER If / and m are intersecting lines, / || p and m || y, show that p and g also intersect. 


SOLUTION : Since / and m are intersecting and / || p 
= mand p intersect. 
Now, m and p intersect and i || q. 


=  pand q intersect. 


LEM cae ad In figure, mr and n are two plane mirrors parallel to each other. Show that the incident ray C4 is parallel to 


the reflected ray BD. r 
n “5 
4} 3 
D P 
Q C 
eit 
n SZ 
A J 


SOLUTION : Through A and B draw respectively, 4P Lm and BQ L n, so that AP || BQ 


Zi=Z2andZ3}=<4 \ 
Bu 22=23 | À 
| Z1=24 
| or 221=224, i.e., Z CAB = Z ABD 
| But they form a pair of alternate angles ^. CA || BD 
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ue iin ie Blanks 


DIRECTIONS: Complete the following statements with an 
appropriate word/term to be filled in the blank space(s). 





—PÀ—À are the assumptions which are obvious universal 


truths. 

*2. Things which are equal to the same thing are ............. to 
one another. 

*3. If equals are subtracted from equals, the remainder are ....... 

*4. Things which are double of the same things are .......... one 
another. 

*5. Two distinct intersecting lines cannot be .............. to the 


same line. 


*6. ‘For every line / and for every point P not lying on /, there — 


exists a unique line m passing through P and parallel to ...... 
7. Ifa transversal intersects two parallel lines, then the sum 
of the interior angles on the same side of the transversal is 


IDITIIIIIIIIIIII 


*8. Lines which are parallel to the same line are ............... to 
each other. 
9. In figure, AB || CD, transversal EF cuts them at G and H 
respectively. If ZAGE = 110°, then ZGHD = ............... 





10. In figure, a transversal PQ intersects two parallel line 
AB and CD at L and M respectively. If Z1 = 95°, then 





lud» Cue/False 


DIRECTIONS: Read the following statements and write your 
answer as true or false. 








*1. In Fig., if AB = PQ and PQ = XY, then AB = XY. 
B Q Y 


A F X 


*2. Only one line can pass through a single point. 
*3. If two circles are equal, then their radii are equal. 


*4. Aterminated line can be produced indefinitely on both the 
sides. 
*5. There are an infinite number of lines which pass through 
two distinct points. 
6. Three lines are concurrent if they have a common point. 
*7. Aline segment has one end-point only 
8. Four lines are concurrent if they have a common point. 
9, Asegment has no length. 
10. Three points will be collinear only when they lie on a line. 
11. A ray has a finite length. 


12. Two lines will meet in one point only when they are 
parallel. 


90 uma mA Nr aon 
o POE he ye 
2 " I e, s VÀ 


iu» Match the Columns  — 
DIRECTIONS: Each question contains statements given in 
two columns which have to be matched. Statements (A, B. C, D) 


in Column I have to be matched with statements (p. q. r. s) in 
column II. 





Column ll 


Column I 


(A) angles m and y (p) alternate exterior pair 
(B) angles a and d (q) alternate interior pair 
(C) angles d and u (r) corresponding pair 
(D) angies c and g (s) vertical pair 
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2. For the figure shown, Match column I and II correctly B 
D 
F 
*5. Why is Axiom 5, in the list of Euclid’s axioms, considered 
a ‘universal truth’? (Note that the question is not about the 
fifth postulate). 
i *6. Find Zx: 
. Column i Column II 
(A) corresponding angles (p land5 
(B) alternate interior angles (q) 4and6 
(C) alternate exterior angles (r) 1 and7 : 
(D) interior angles on same (s) 4and5 sa 
‘side of the transversal 
3. Match them correctly 
Column I "^ Columall 7. For what value of x + y in the given figure, will ABC be a 


line ? Justify your answer. 
'(A) Only one line can pass (p) one point wy 


_ through a .... 
(B) Infinite number ofline — (q) two point 
can pass through ..... 
(C) Two distinct lines cannot (r) same side 


have more than.... in 
8. cà a triangle have s angles less Ma 60°? Give reason 


ene a for your answer. 
(D) Forlinesegment...are (s) opposite side 9. In th e given figure, find the value of x for which the lines / 
ia cii sod are parallel. 








DIRECTIONS: Give answer in one word or one sentence. 
*1. Ifa point C lies between two points A and B such that 
AC - BC, then prove that AC — AB/2. 
B 


10. In the given figure, AOC is a line, find x. 


A B 
A Lt . 
2. An angle is 16° more than its complement. What is its - 60 
measure ? 

3. Two parallel lines are cut by a transversal such that one OX 3x 

of the interior angle is 57°. Find each of the other interior 

angles. 
4. In the given figure, AB, CD and EF are parallel. If C 

Z z = 70°, find the value of x and y. 


M. In AABC, ZB = 105°, ZC = 50°, Find ZA. 
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8. In figure if / || m, n || p, and Z1 = 85? then find < 2. 


DIRECTIONS: Give answer in 2-3 sentences. 





*1. Let point C is called a mid-point of line segment AB. Prove 


that every line segment has one and only one mid-point. 


*2. If AC = BD, then prove that AB = CD. 






C 





A 


*3. Does Euclid's fifth postulate imply the existence of paral- — 9, 


From the adjoining diagrams, calculate x, £y, Zz and Zw. 
lel lines? Explain. 


4. The supplement of an angle is one-fifth of itself. 
Determine the angle and its supplement. 


5. Infigure, ZPQR = ZPRQ, then prove that ZPQS = ZPRT. 
P 


S Q R E 
6. In figure, if x + y = w +z, then prove that AOB is a line. 





10. In the following figure, find Zx. Further find ZBOC, 
Z COD and ZAOD. 





11. In the figure, find the values of 


-— | à; (i) x (ii) ZGHS 
l is a li i line 
7. In figure, POQ is a line. Ray OR is perpendicular to is à] 
PO. OE is another ray lying between rays OP and OR. (iii) ZPRG (iv) ZRSD 
Prove that 


ZROS = ; (ZQOS - ZPOS) 


R 
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12. In figure, if AB L CD, ZBAD = 40° and ZSCD = 30°, find 3 In figure, lines XY and MN intersect at O. If ZPOY = 90° 


x and y. and a: b — 2:3, find c. 





A S 2 
13. In the given figure, 2b — a = 65? and ZBOC = 90°, find the 
measure of ZAOB, ZAOD and ZCOD. 
C 4. It is given that ZXYZ = 64? and XY is produced to point 
P. Draw a figure from the given information. If ray YQ 
bisects ZZYP, find ZXYQ and reflex ZQYP. 





5. From the adjoining diagram AB || DC, calculate 
E 






2a+b+15 





D 
Me TELIT TIETO a A 
WO» Long Answer Questions | ° 

Oe, «= AN 
DIRECTIONS: Give answer in four to five sentences. 6, In figure if AB || CD, EF L CD and Z GED = 126°. fin 
1. In figure, ZPOR and ZQOR form a linear pair. If ZAGE, ZGEF and Z FGE. 

a — b = 80°, find the values of a and b. A G F 

' B 
R 


P O Q T | 
7. In figure, £ = 110° m 
2. In figure, Lines AB and CD intersect at O. If ZAOC + " hee ~ l| ST, < PQR = 110° and Z RST = 130°, 
ZBOE = 70° and ZBOD = 40°, find ZBOE and reflex ` ORS. 
ZCOE. . 5$ T 
130? 


110? 


[Hint : Draw a line parallel to ST through point A.] 
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8. Infigure, sides OP and RO of APQR are produced to points 10. In figure, if PQ 1 PS, PỌ || SR, ZSQR = 28° and 
S and T respectively. If ZSPR = 135° and ZPQT = 110°, ZQRT = 65°; then find the values of x and y. 
find ZPRQ. x 4 Lope 
5 : 
PX 135? 
1109 
T Q l R 11. In figure, the side OR of APOR is produced to a point S. 
9. In figure, LX = 62°, ZXYZ = 54°. If YO and ZO are the If the bisectors of ZPOR and ZPRS meet at point T, then 
bisectors of ZXYZ ^ and ZXZY respectively of AXYZ, find | 1l 
ZOZY and ZYOZ. prove that ZOTR — — ZQPR 
di X 2 ^ 
T / N | P 
62° 
O 
54° Q R S 
Y á Z 
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ES iat oe. en 7. In figure, sides OP and RO of A POR are produced 
ni ‘Questions to points S and 7 respectively. If Z SPR = 135° and 
ZPOT = 110°, then the value of Z PRQ is 





DIRECTIONS: This section contains multiple choice questions. 





Each questions has 4 choices (a), (b). (c) and (d) out of which 5 
ONLY ONE is correct. 
oe PA)135° 
|.  Iftwo lines intersected by a transversal, then each pair of M. 
corresponding angles so formed is — 
(a) Equal (b) Complementary 
.(c) Right angle (d) None of these 
2.  Anangle is 14? more than its complementary angle then 1107 
angle is — 
(a) 38° (b) 52° ` r 2 i 
(c) 50° (d) None of these (a) 65° (b) 35° 
3. [fone angle of triangle is equal to the sum of the other two —Ó" : 
then triangle is — wr To m). 
(a) acute a triangle (b) obtuse triangle 8. In figure, if AB || DE, Z BAC = 35° and Z CDE = 53°, 
(c) right triangle (d) None Z DCE 7? 
4.  Inthe figure, angle a is 
A 
N35? 
C 
(a) 290? (b) 70° 
(c) 105° (d) 45* 
5.  ValueofZx- 
E 
(a) 102° (b) 92° 
NT (c) 80° (d) 72° 
x X 9. In figure, if AB || CD, CD | EFand y :z23:7, x=? 
(a) 270? (b) 70* : 
(c) 15? (d) 45* 


6.  ValueofZx- 





(a) 141? (b) 70? (a) 112° (b) 116° 
(c) 105? (d) 45? (c) 96° (d) 126° 
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ee 
DIRECTIONS: This section contains multiple choice questions. 
Each question has 4 choices (a), (b), (c) and (d) out of which ONE 
or MORE may be correct. 





i 


(a) 


(b) 
(c) 
(d) 
"2, 
(a) 


(b) 
(c) 
(d) 


"3. 
(a) 


(b) 
(c) 
(d) 


4, 
(a) 


(b) 


(c) 


(d) 


Which of the following is/are correct? 


A plane surface is a surface which lies evenly with 
the straight line on itself. 


A surface is that which has length and breadth only. 
A line is breadthless length. 


A point is that which has no part. 


Which of the following is/are Euclid’s axioms? 


Things which are equal to the same thing are never 
equal to one another. 


If equals are added to equals, the wholes are equal. 
The whole is greater than the part. 


Things which are halves of the same things are equal 
to one another. ; 


Which of the following is/are Euclid’s postulates? 


A straight line may be drawn from any one point to 
any other point. 


A circle can be drawn with any centre and any radius. 
A terminated line cannot be produced indefinitely. 


All right angles are never equal to one another. 


Which of the following is/are incorrect? 


A triangle whose sides are equal, is called a scalene 
triangle. 


A triangle, each of whose angle is less than 90°, is 
called an acute triangle. 


If all sides of a polygon are different, it is called a 
regular polygon. 


A triangle with one of its angles greater than 90°, is 
known as an obtuse triangle. 


S. Which is/are correct among the following . given 
options? 


(a) 
(b) 
(c) 


` (d) 


An angle whose measure is more than 180, but less 
than 360°, is called reflex angle. 


If the sum of two angles is 90°, then these angles are 
called supplementary angles. 


If the sum of two angles is 180°, these angles are 
called complementary angles. 


The sum of angles forming a linear-pair is 360°. 
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DIRECTIONS: Study the given paragraph(s) and answer the 


following questions. 

amet: pis 
In figure, lines XY and MN intersect at O. Mf. ZPOY = 90° and 
a:b=2:3, then 


MAREC ha Aute (DOMED Ae ATO 
ML bom a um n s y n t 
> vvas ten dd. ATE T e 
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Measure of angle ‘a’ is 


(a) ,54° (b) 36° 

(c) 126° (d) none of these 
Measure of angle ‘b’ is 

(a) 126° (b) 36° 

(c) 54° (d) none of these 
Measure of angle ‘c’ is 

(a) 36° (b) 126° 

(c) 54° (d) none of these 





aa 
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DIRECTIONS: Each of these questions contains an Assertion 

- followed by reason. Read them carefully and answer the question 
on the basis of following options. You have to select the one that 
best describes the two statements. 





(a) 


(b) 
(c) 
(d) 
, X 


If both Assertion and Reason are correct and Reason is 
the correct explanation of Assertion. ' 


If both Assertion and Reason are correct, but Reason is 
not the correct explanation of Assertion. 


If Assertion is correct but Reason is incorrect. 

If Assertion is incorrect but Reason is correct. 
Assertion : Sum of the pair of angles (like 120°, 60°) is 
supplementary. 

Reason : Two angles, the sum of whose measures is 180°, 
are called supplementary angles. . 
Assertion : If an angle formed by two intersecting lines is 
60°, then its vertically opposite angle is 60° 

Reason : If two lines intersect each other, then the 
vertically opposite angles are equal. 

Assertion : lf angles ‘a’ and ‘b’ form a linear pair of angles 
and a = 40°, then b = 150°. 

Reason : Sum of linear pair of angles is always 180°. 
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4. Assertion : A triangle can have two obtuse angles. 
Reason : Sum of the three angles in a triangle is always 
180°. 

5. Assertion : If two internal opposite angles of a DIRECTIONS: Answer the following questions. 
triangle are equal and external angle is given to be 110°, 









then each of the equal internal angle is 55°. 1. The sides BC, CA and AB of a AABC are produced in 
Reason : A triangle with one of its angle 90°, is called a order, forming exterior angles ZACD, ZBAE and ZCBF. 
right triangle. Show that ZACD + ZBAE + ZCBF = 360°. 
(amr nario ADR corneas cO ms vet CD M were 2. Find ZADC from the given figure. 
ety Wultinle Watching Queen ooo DOE 
LS NR NSCS RST 





DIRECTIONS : Following question has four statements 
(A, B, C and D) given in Column I and statements (p, q, r. s, ...) 
in Column II. Any given statement in Column I can have correct 
matching with one or more statement(s) given in Column II. 
Match the entries in column I with entries in column II. 








1. Column I > Column II - 
(A) Complementary angle (p) 180° < 0 < 360° 
(B) Reflex angle (q) 8 = 100° 5 C 
(C) Obtuse triangle (r) 0 <8 < 90? à; 
(D) supplementary angle (s) (35°, 55°) 3. If the sides of an.angle are respectively parallel to the sides 
' — (0 @=240° of another angle, then prove that these angles are either 
(u) (140°, 40°) equal or supplementary. 
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EXERCISE-1 





FILL IN THE BLANKS 


l. 


Axioms 2. equal 3. equal 4. equal 


5. parallel 6. / 7. 180? 8. parallel 
9, 70° 10. 25? 
TRUE/FALSE 

1. True 2. False 3. True 4. True 

5. False 6. True 7. False 8. False 
9, False 10. True 11. False 12. False 
MATCH THE COLUMNS 

l. (A)p(B)q (O-r(D)—p 

2. (A)—p;(B)q;(C)r(D)s 

3. (A)Op(B)op;(CO)p (D) > q 


VERY SHORT ANSWER QUESTIONS 


1 AC-BC 
= AC+AC=BC+AC / 
[Equals are added to equals] 
= 2AC=AB = AC=AB/2 
2.  Letone angle = a? 
Then second angle = (a + 16)° 
Now, a+ (a+ 16) = 90° 
=> 2a + 16 = 90° = a= 37° 
Second angle = 37° + 16 = 53° 
3; 123°,S7*, 123^ 
4. x=y=110° 
S. This is true for any thing in any part of the world, this is a 
universal truth. 
6. 125° 
7.  ForA, B, C must be lie ina line x + y = 180°. 
8. No, angle sum must be equal to 180° 
9, x+44°=180° i.e., x= 136°. 
10. 40° 
I 25" 
SHORT ANSWER QUESTIONS 
1. Given: C is mid-point of AB. 


To Prove: C is the only mid-point of AB. 
Let a line AB have two mid-points, say, C and D. Then, 


AC= = AB and 1) 


AD = 74 posi) 


From (1) and (2) 


AC 7» AD. (^: Things which are equal to the same thing are 
equal to one another) 


AC = BD ! ... (1) 
AC = AB + BC [B lies between A and C] ` tA) 
BD » BC * CD [C lies between B and D] a X) 


Substituting (2) and (3) in (1), we get 
AB + BC = BC + CD 


= AB=CD [Subtracting equals from equal] 

If a straight line falls on two straight lines m and n such 
that the sum of the interior angles on one side of is two 
right angles, then by Euclid’s fifth postulate the lines will 
not meet on this side of. Next, we know that the sum of 
the interior angles on the other side of line will also be 
two right angles. Therefore, they will not meet on the other 
side also. So, the lines m and n never meet and are, there- 
fore, parallel. 


Let the measure of the angle be x°, then the measure of its 
supplementary angle is 180? — x°. 


It is given that 180 — x-— <x 
=> 5(180°-x)=x | 
=> 900-5x=x=> 900 = Sx +x 


=> 900 = 6x => 6x=900 > x= AM 150 
By linear pair axiom we have 
ZPQS + ZPOR = 180? ot) 
Also, Ray RP stands on line ST 

ZPRQ + ZPRT= 180° (Linear Pair Axiom) ...(2) 
From (1) and (2), we obtain 

ZPQS + ZPQR = ZPRQ + ZPRT 
Now, Given ZPQR = ZPRQ 

ZPQS = ZPRT. 
x+y=wtz ...(1) (Given) 
^ The sum of all the angles round a point is equal to 360° 

x+y +wtz=360° 
ss xtytrtye 360? 
= 2(x + y)=360° 


(Using (1)) 





r+y= 360° \ d 
= ee 
= x+y=180° 

AOB is a line. 


(If the sum of two adjacent angles is 180°, then the non- 
common arms of the angles form a line) 
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ZQOR = ZPOR = 90? | AL) 
and ZOOS = ZQOR + ZROS (2) 
Also, ZPOS = ZPOR - ZROS (3) 
Subtracting (2) and (3), 


= ZQOS- ZPOS = (ZQOR - ZPOR) * 2ZROS 
=2ZROS (Using (1)) 


- ZROS= ; (ZQOS — ZPOS) 


8. `v n||p and m is transversal 
Z1=Z3=85° (Corresponding angles) 
Also, m|| l & p is transversal —— 
22+ 2Z3=180° (" Consecutive interior angles) 
=> £2+85°=180° 
=> £2= 180° -85° 
=> 72295 
9. Zy=70°..... (vertical opp. angle) 
Zx+70= 180° 
.... (adjacent angles on a st. line or linear pair) 
<. Zx= 180 —70= 110? 
Zz€-9]10 —— 5 I Se (corresponding angles) 
ZztZw-180? 
sia (adjacent angles on a st. line or linear pair) 
70+ Z w= 180? 
Z w= 180? — 170° = 110° 
10. x= 50°, 70°, 50°, 60° 
H. (i) 36° (ii) 72° 
(iii) 108° (iv) 108° 
12. x= 50°, y= 80° 
13. 35°, 100°, 135° 
LONG ANSWER QUESTIONS 
1. Z POR and Z QOR forma linear pair 
Z POR * Z QOR = 180° (Linear pair axiom) 
or a*b-1809 00 M (1) 
But a—b=80°[Given] — .. (2) 
Adding eqs (1) and (2), we get . 
2a = 260° a= zem. 130? 
Substituting the value of a in (1), we get 
130° + b = 180? 
b = 180° - 130° = 50? 
2. ZAOC=ZBOD (Vertically Opposite Angles) 
But Given ZBOD = 40° 13 
Z AOC =40° (Alternate angle) wake) 


Now, Given Z AOC + ZBOE = 70° 
=> ZBOE = 70° - 40° 
= ZBOE=30° 


(from 2) 


Reflex ZCOE = ZCOD + ZBOD * ZBOE 


Again, 
“+ Ray OA stands on line CD 

= ZCOD + 40? + 30* (Using (1) and (2)) 
180° + 40 ° + 30° 


= 250° (^^ Ray OA stands on line CD) 
Since Ray OP stands on line XY and from Linear Pair 
Axiom 

ZPOX + ZPOY = 180° 
Given ZPOY = 90° 


= zPOX=90° 
= ZPOM + ZXOM=90° 
— a+b=90° (from figure) 4d 
Now, we have 
a:b-2:3 
a.2 . 9. HK say) a-2kandb - 3k 
; D 3 z. 3 l 
Putting the values of a and 5 in (1), we get 
2k + 3k = 90? 
=> k=18° 
a = 2k =2(18°) ped Q) 
b 23k =3(18°) —54*j 
Again, Ray OX stands on Line MN 
ZXOM + ZXON= 180° (Linear Pair Axiom) 
=> b+c=180° 
=> 54°+c=180° (Using (2)) 
=> c=180°-54° 
=> c= 126° 


ZXYZ + ZZYP = 180? (Linear Pair Axiom and YZ stands 


on line PX) 






P 


Given, ZXYZ = 64° 

64° + ZYP = 180° 
=> ZZYP=116° Fm g S 
Also, Ray YỌ bisects ZZYP 


ZPYQ= ZZYQ= = 4ZYP 


á 50 16°) = 58° (Using (1)) (2) 
Reflex ZOYP = 360° — 58? = 302° 
(^ The sum of all the angles round a point is equal to 360°) 
Again, ZXYQ = ZYYZ + ZZYQ 
= 64? + Sg? 
= |22°, 
(7 ZXYZ = 64° (given) and ZZYQ = 58° [From (2))) 
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5. Zx=ZEDC=70° ... (corresponding angles) 
Now, Z ADB 7 x ^ 70? ... [ AD = DB] 


InAABD, ZABD-7180-Zx-Zx 
= 180 - 70 — 70 = 40° 
=> £ BDC= Z ABD -A40? 
=> Zy=40° 
AB || DC 
=> £2z+90=180° 
= Zz- 180 — 90 = 90° 
(i) ZAGE= Z GED = 126° ( Alternate Interior Angles) 
(ii) We have Z GED = 126? 
Z GEF + Z FED = 126? 
= Z GEF + 90° = 126? (From the figure, Z FED = 90?) 
=> LZGEF= 126° —90° = 36° 
(iii) Since, CD is a line 
By linear sum property, we have 
Z GEC + Z GEF + Z FED = 180? 
=> ZGEC+ 36° + 90? = 180? 
= AZ GEC - 180° 126? = 54? 
Now, Z FGE = Z GEC = 54? 
; ( Alternate Interior Angles) 
Draw a line RV parallel to ST through point R. 


(alternate angles) 


Since, 





Z RST + Z SRV = 180° 
(** Sum of the consecutive interior angles on the same 
side of the transversal is 180°) 


= ZSRV= 180° 130? 250? ....(1) 

Also, Z QRV =Z POR = 110° 

(Alternate Interior Angles) 

= ZORS+ ZSRV=110° 
= Z ORS = 110°- 50° = 60° Using (1) 
ZPQT + ZPQR = 180° ...(linear pair) 
= 110°+ ZPQR = 180° 
= ZPOR= 180? - 110° = 70° f (1) 
Again, ZSPR + ZQPR = 180° 

135° + ZOPR = 180° ( QS is a line) 
= ZOPR= 180? - 135? = 45° (2) 
In APQR, 

ZPQR + ZQPR + ZPRQ = 180° 
(By A’s angle sum property) 


10. 


11. 


owd 


27 


"oppo MMR ITAL crt Parc Bis ewe 
From (1) and (2) 
70° + 45° + ZPRQ = 180° 
=> ZPRQ = 180° — 115° = 65? 


From AXYZ, we have 


ZXYZ + ZYZX *ZZXY = 180° 
(By A’s angle sum prpoerty) 
— 54°+ ZYZX + 62° = 180? . 
= ZYZX= 180° — 116° = 64? (1) 
Given YO is the bisector of ZXYZ 
4 ZXYO = ZOYZ= = XYZ = = (54°) =27° (2) 
Similarly 
ZXZO = ZOZY = ; ZYZX = = (64)° = 32° om ta) 


('* ZO is the bisector of ZYZX ) 
Now, consider AOYZ, which gives 
ZOYZ + ZOZY + ZYOZ = 180° (By angle sum property) 
[Using (2) and (3)] 
=> 27° +32°+ZYOZ = 180° 
=> ZYOZ= 180°- 59° = 121°. 
As we know the exterior angle is equal to the sum of the 
two interior opposite angles 
ZQRT = ZRQS + ZQSR 
=> 65°=28°+ ZOSR 
= ZQOSR= 65° — 28° = 37° 
Also given PQ L SP 
ZQPS = 90° 
Also PQ || SR gives 
ZOPS + ZPSR = 180° 
(° The sum of consecutive interior angles on the same side - 
of the transversal is 180?) 
ZPSR = 90? 
=> ZPSQ+ ZOSR=90° = y+37°=90° 
=> y=90° -37° = 53° 
Now, from APQS, we have 
ZPQS + ZOSP + ZQPS = 180° 
(By angle sum property of a A) 
= x+ y+90°= 180° 
= x+ 53° + 90? = 180° 
= x= 180°- 143° = 37°. 
Since , ZTRS is an exterior angle of ATOR 
ZTRS = ZTQR + ZQTR stu 
(** The exterior angle is equal to sum of the two interior 
opposite angles) 
Again ZPRS is an exterior angle of APOR 
ZPRS 7 ZPQR * ZQPR d) 
=> 2ZTRS-2ZTQR + ZQPR 
(«* QT is the bisector of ZPQR and RT is the bisector of 
ZPRS ) 


=> LTRS- ZTQR) - ZQPR (3) 
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<TRS— ZTQR = ZQTR 
From (3) and (4), we obtain 
2ZOTR = ZOPR 


= <OTR= - ZQPR 


EXERCISE-2 
MULTIPLE CHOICE QUESTIONS 











É ou By adding (1) and (2) 
E d. - (b) 3. (c) 4. (a) 5. (c) Zx + ZADB + 30? + Zv + ZBDC + 55? = 360° 
. (a) 8. (b) 9. (d) Also, Zx + Zv = 50° 
MORE THAN ONE CORRECT Then ZADB + ZBDC + 135° = 360? 
l. (a,b, c, d) 2. (b,c, d) cM MEAS EUM cipit 
3. (a,b) 4. "nie i.e., x = ZADC = 135? 
(a,c) * (b,c,d) 3. Casel: 

PASSAGE BASED QUESTIONS 
l. (b) Za=36° 2. (c) Zb-54? 
3. (b) Zc= 126° 
ASSERTION AND REASON 
l. (a) 2. (a) 3. (d) 
4. (d) 5. (b) 
MULTIPLE MATCHING QUESTIONS 
l. (A) > s; (B) > p, t; (C) > q; (D) > u 
HOTS SUBJECTIVE QUESTIONS 
l. ZACD+ Zz 7» 180° " ia 

ZBAE + Zx = 180° | dul a" 

BF + Zv = 180° ^ 42=£3 and PQ|| AB 
ZCBF + Zy= Then Zl = Z2 i 
Hence, Z1 = 2 = Z3 
Case II: 
ZACD + ZBAE + ZCBF + Zx+ Zy + Zz=540° .(1) ` 
Now put, Zx + Zy + Zz = 180° in eqn. (1) 
ACD + ZBAE + ZCBF = 360° 

URA iiir As QR || CB 
2. Construction: oin pus 

Now in, AABD . but 21 + 22 180? then 

LX + ZADB + 30° = 180 (1) Z3 + Z2= 180° supplementary. 

In ABDC, Zy + ZBDC + 55° = 180° 2) 


(0.2123) 
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INTRODUCTION 
PELTED a omi net Ra, SPE TOO m Te VOTE d xia v Ue x | INTRODUCTION FM he SE IA Ne E MURS. P PEE: mac tes TY 3 
p ‘ 


a aS 


A iriángle t is a closed figure formed by three. intersecting lines: In tioned ABC denoted by MBC; 4B, 
ge C4 are TAE sides and A, ne SMe are P three: vertices. BUD Q J: ES 





Fig. Op T genie “Fig. (i) wipe de aia ae Se Fig. (iii): 

If there are four poinis ina WIT m no e out of these four bonis: are collinear, then on joining 

these four points in pair in same order, we obtained four sided closed figures (ii) and (iii), called 

quadrilateral. In this chapter, we will consider only quadrilateral of the type given in figure (ii), called 
convex quadrilateral (in which any part of line segment joining any two points in side the quadrilateral - 
does not lie outside the quadrilateral) but not as given in fig. (iii), called concave quadrilateral (in 

which some part of some line segments joining any two points inside the quadrilateral lie outside the 

quadrilateral). 


In quadrilateral PORS [Fig. (ii)] ; PQ, QR, RS SP are four sides and P, Q, R, S are four vertices. . 

In this chapter, we shall study about the congruence of triangles, some more properties of triangles and ` 
inequality in a triangle. ' : 
" pe pall also ey about di ifferent types of ds “Ie ee their Properties and ei those af 


| — — - d 
— aei E AP. JAS ae * el -— ind : - VEGAS 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


NN TT Tae NINA eo 
| TRIANGLES  , 

THEOREM 1 : The sum of the angles of a triangle is 180°. 

Given : A triangle ABC. 

To Prove : ZA + ZB + ZC = 180° 

Construction : Draw a linc PQ passing through the vertex A and parallel to BC. 

PROOF: 21+ 22+ 2Z3=1809 |. (i) {Linear Pair Axiom] E r 

Since PQ || BC 


E < l -ZBandZ3-7C o (ii) [Alternate interior angles] 
From equation (i) and (ii), we get r 

ZB + 2+ ZC=180° 
Le. ZB+ZA+ZC=180° 


THEOREM 2 : The measure of an exterior angle is equal to the sum of the measure of its two interior opposite angles, 
Given : A triangle ABC of which sides AB, BC and CA are produced. 
To Prove: ZBAF- ZABC + ZACB 


ZCBD = ZBAC + ZACB 





and ZACE = ZBAC + ZABC 
PROOF : ZBAF+ ZBAC=180° si... (i) [Linear Pair Axiom] 
In AABC, 


ZBAC + ZABC + ZACB = 180° 
From equation (i) and (ii), we get 
ZBAF + ZBAC = ZBAC + ZABC + ZACB 
=>  ZBAF- ZABC + ZACB 
Similarly we can prove that 
ZCBD = ZBAC + ZACB 
and ZACE- ZBAC * ZABC 





CONGRUENCY OF TWO PLANE GEOMETRICAL FIGURES (OR SHAPES) 


Two geometrical figures or shapes are said to be congruent if they have same size and same shape i.e. exactly overlap each other. In 
this chapter, we will discuss the congruency of two triangles. 


CONGRUENCY OF TWO TRIANGLES 

Two triangles are congruent if there shape and size are same. The three angles of a triangle determine its shape and its three sides 
determine its size. So, two triangles are said to be congruent if three sides and three angles of a triangle are respectively equal to the 
corresponding sides and angles of other triangle. 

In other words, two triangles are congruent if each one of them can be made to superpose on the other, so as to cover it exactly. 


A P 


B C Q R 


If AABC is congruent to APQR, we wirte A4BC = APQR, in which sides AB, BC, CA are corresponding sides of sides PQ, QR. 
RP respectively and ZA, ZB, ZC are corresponding angles of <P, <Q, ZR respective 
corresponding parts (sides and angles) are equal. 

^. AB = PỌ, BC = QR, CA = RP, ZA = £P, ZB = ZQ, ZC = ZR 

Note that we write in short ‘CPCT’ for corresponding parts of congruent triangles, 


ly. If two triangles are congruent, then their 
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ea ee o M Ros , 


Now check which of the triangles Fig.(ii) to (v), given below are congruent to triangle ABC Fig (i). 





7 cm 





Fig. (i) Fig. (ii) Fig. (iii) Fig. (iv) Fig. (v) 
Cut out each of the triangles Fig. (ii) to (v). Turn them around and try to cover AABC. You will observe that AABC = APQR ; because 
sides AB and PQ, BC and QR, CA and RP ; and also ZA and ZP, ZB and ZQ, ZC and ZR overlap each other and hence they are 
corresponding to each other. Similarly we can see that ADEF and AMNR are congruent to AABC but ASTU is not congruent to A4BC 
because AABC and ASTU do not cover to each other. 
AABC = APQR can be also written as AACB = APRQ, because in this case the correspondence of sides and angles between the two 
triangles does not change. 


But A4BC = APQR can not be written as AABC = APRQ, because in this case the correspondence of sides and angles between two 
the two triangles is as follow. 


AB = PR, BC = RỌ, CA = OP, ZA = ZP, ZB = ZR and ZC = ZQ, which is different as for AABC = APQR. 

Therefore, to write the congruency of triangles in symbolic form, it is necessary to keep in mind the exact sides correspondence of 
sides and angles between the two triangles. 

SUFFICIENT CONDITIONS (OR RULE OR CRITERIA) FOR CONGRUENCE OF TRIANGLES 


In the previous section, we have studied that two triangles are congruent if and only if the corresponding sides and the corresponding 
angles of two triangles are equal. In this section we shall prove that if three properly choosen conditions out of the six conditions (3 
sides and 3 angles of one triangle equal to corresponding 3 sides and 3 angles of other triangle are equal) are satisfied, then the other 
three are automatically satisfied and hence the two triangles are congruent. 


The followings are the sufficient conditions for congruency of two triangles. 
(i) Side-Angle-Side 
(ii) ^ Angle-Side-Angle 
(iii) —Side-Side-Side and 
(iv) Right Angle-Hypotenus-Side | 
Let us now discuss these three conditions (or criteria) which ensure the congruence of two triangles. 


(I) SIDE-ANGLE-SIDE (SAS) RULE FOR CONGRUENCY OF TWO TRIANGLES 


If two triangles have two sides and the included angle of the one equal to the corresponding sides and the included angle of the 
other, then the triangles are congruent. 

Given : AABC and ADEF in which AB = DE, AC = DF and ZA = ZD 

To Prove : AABC = ADEF ' 


PROOF : Place AABC over ADEF such that A falls on D and 
AB falls along DE. 
Since AB = DE, so B falls on E. 


Since, ZA = ZD, so AC will fall along DF. 
Also, AC = DF 


^. C will fall on F. 

Thus, AC will coincide with DF. 

And, therefore, BC will coincide with EF. 
“. AABC coincides with ADEF 


Hence, AABC = ADEF 
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(Il) ANGLE-SIDE-ANGLE (ASA) RULE FOR CONGRUENCY OF TWO TRIANGLES 


Two triangles are congruent if any two angles and the included side of one triangle are equal of the two angles and the 
included side of the other triangle. 


Given : AABC and ADEF, in which 
ZABC= ZDEF, ZACB = ZDFE and BC = EF 
To Prove : AABC= ADEF | 


PROOF : On comparing the sides AB and DE of AABC and ADEF , there are three possibilities : 
(1) AB= DE (ii) AB < DE and (iii) AB > DE 


* 4 D 
Case (i) : When 4B = DE, then in A4BC and ADEF 
AB = DE (Assumed) 
ZABC= ZDEF (Given) 
BC=EF (Given) 
Hence, AABC = ADEF [By SAS criterian]. 
B C E F 


Case (ii) : When AB < DE, then we take point G on DE 
such that 4B — GE and join GF as shown in figure. 
Now in A4BC and AGEF 


AB = GE (Assumed) A ^ 
BC-EF (Given) G 
ZABC = ZGEF (Given) [^ ZGEF = ZDEF)] 
E AABC 3 AGEF (By SAS Rule) 
Hence ZACB=ZGFE. .... (1) i 
But ZACB= ZDFE (Given) u. (2) 
Therefore from (1) and (2), we have | B G E F 


ZDFE = ZGFE 
which is impossible unless GF coincide with DF and hence G coincides with D. 
s AB = DE 
Hence, AABC = ADEF [By SAS criterian] 


Case (iii) : When AB > DE, then we take a point G on AB such that 
BG = DE and show as in case (ii) that G must coincide with A, 


4 D 
i.e., AB = DE and hence, AABC x ADEF (SAS rule) G 
Hence in all three cases AABC = ADEF 
Since the sum of the three interior angles of a triangle is 180°, therefore if 
two angles of one triangle are equal to the two angles of another triangle, 
then the third angle of the first triangle will automatically be equal to the 
third angle of the second triangle. On the basis of this result, the following p CE T 


corollary arise. 


COROLLARY (ANGLE-ANGLE-SIDE) 
Two triangles are congruent if any two pairs of angles and one pair of corresponding sides are equal. 
Given : In AABC and ADEF, 

ZA = ZD, B= ZE and BC - EF 
To Prove : A4BC = ADEF 


PROOF; The sum of three interior angle of a triangle is 180°, then 
ZA * ZB * ZC= 180? 


ul (1) A D 
ZD*ZE—^ZF*180 |— — — ... (2) 
From (1) and (2), 
ZAT ZB-ZC»ZDt* zZE*zZF sus (3) 
ZA 7 ZD (Given) 
Hence, ZC= ZF [By (3)]. (4) B C E F 


— n 
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Nowin  AABC and ADEF 


ZB - ZE (Given) 

BC = EF (Given) 

‘ LC= LF [By (4)] 
Hence, AABC = ADEF (By ASA rule) 


THEOREM 3 : The angles opposite to equal sides of a triangle are equal. 
Given : AABC in which AB = AC. 
To Prove : ZB- 7C 


{>> 


Construction : Draw AD, bisector of angle ZBAC which meets BC at D. 


PROOF : |n A4BD and AACD 
AB = AC (Given) 


ZBAD = ZCAD (By construction) 
AD = AD (Common side) 
Therefore AABD x AACD (By SAS Rule) D G 
Hence corresponding angles ZB = ZC i 


THEOREM 4 : The sides opposite to equal angles of a triangles are equal. 
Given : AABC, in which ZB = ZC 
To prove : AB= AC 


Construction : Draw AD, the bisector of angle ZBAC which meets BC at D. 
PROOF : |n AABD and AACD 
ZB’= ZC (Given) 
AD=AD (Common side) 
: ZBAD= ZCAD~. (By construction) 
Therefore AABD = AACD (By ASA) 
Hence corresponding sides, AB = AC _ i B C 


D 
(IIl) SIDE-SIDE-SIDE (SSS) RULE FOR CONGRUENCY OF TWO TRIANGLES 
Two triangles are congruent if the three sides of one triangle are equal to the three sides of the other triangle. ~ 
Given: A4BCand ADEF in which — — 
AB = DE, BC- EF and AC= DF 
To Prove: AABC = ADEF | D 
Construction : Draw a line segment EG at the other side of ED with respect to EF A 
such that EG = AB and ZABC - ZFEG then j join GF and DG. 


PROOF : In AABC and AGEF 
AB = GE (By construction) 
ZABC=ZGEF (By construction) E« F 
BC = EF (Given) N, 
Hence by SAS rule, 
AABC = AGEF 
Hence the corresponding sides and angles are equal 
à ZA= ZEGF,AC- GF. .— |  ... (1) i 
Now AB = EG (By construction) i 
AB = DE (Given) | 
GE-DE ./| | | | ^ (2) 
Similaity AC 7 GF [From (1)] 
and AC = DF (Given) 
GF-DF | | ouw (3) 
Now in AEDG the opposite angle of equal sides EG and DE are equal 
ZEDG-ZEGD .—»  .» (4) 
` Similarly in AFDG the opposite angle of equal sides GF and DF are equal 
ZGDF-ZDGF . | | . (5) 


Z 


Q« 
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Adding equation (4) and (5), we get 
ZEDG + ZGDF = ZEGD + ZDGF 


Mathematics 





=> ZEDF= ZEGF ee aes (6) 
From eq. (1), ZA = ZEGF 2 | | | (7) 
Hence, from (6) and (7), we have 

ZA- ZEDF (8) 
In AABC and A DEF 

AB = DE (Given) 

ZA = ZEDF | [By (8)] 

AC = DF (Given) 


By SAS rule, AABC = ADEF 


(IV) RIGHT-ANGLE-HYPOTENUSE-SIDE (RHS) RULE FOR CONGRUENCY OF TWO TRIANGLES 
Two right triangles are congruent 
other triangle respectively. 


Given : Two right triangles A4BC and ADEF., in which 

ZB = ZE = 90° 

Hypotenuse AC = Hypotenuse DF 

and Side AB = Side DE 

To prove : A4BC x ADEF 

Construction : Produce FE to G such that GE — BC and join G and D. 
PROOF : In ADEF ZDEF = 90° 


if the hypotenuse and a side of one triangle are equal to hypotenuse and a side of the 





A D 
ZDEG-90 . hace (1) | 
Now in A4BC and ADEG 
AB — DE (Given) 
BC-GE (By construction) 
ZABC = ZDEG = 90° [By (1)] 
Therefore, by SAS rule, AABC = ADEG 
Hence the corresponding sides and angles are equal | B 
AC-DGand ZC=ZG | an (2) 
But given that AC=DF wa (3) 
From (2) and (3) DG=DF |. | .... (4) 
" " Angles opposite to the equal sides DG and DF of ADGF are equal 
Hence ZG-7F  — 3w— |... (5) 
Therefore, from (2) and (5) 
ZC2 LF | |  .... (6) 
Now in A4BC and ADEF | 
ZC= ZF [From (6)] | 
ZABC = Z DEF = 90° (Given) 
and AB = DE (Given) 


Hence by ASA rule, AABC = ADEF 


Illustration 1 : In the adjoining figure, AB = AC. Prove that BM = CN 


SOLUTION : 
In AABC, AB — AC (given) 
ZABC = ZACB (angles opposite to equal sides are equal) 
In As BCM and CBN, , 
ZN 7 ZM (each = 90°) N M 
ZABC = ZACB (from above) 
BC=BC (common) 
Si ABCM= ACBN (A.A.S. rule of congruency) 
= . BM=CN (CPCT) B C 
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Illustration 2 : In a quadrilateral ABCD, AC bisects ZC and BC = CD. 





Prove that : (i) AB = AD (ii) AC is the perpendicular bisector of BD. 
SOLUTION : ^ 
(i) In triangles ADC and ABC, 

CD = CB (Given) 

CA = CA (Common) 

ZDCA = ZBCA (Given) 

ADCA z ABCA (By SAS rule of congruency) 
^ AD - AB ! | D 
(ii) In triangles DCO and BCO 

CD = CB (Proved in (i) above) 

CO = CO (common) 

ZDCO= ZBCO (Given) 

ADCO = ABCO (By SAS rule of congruency) 

ZCOD = ZCOB 


Kane ZCOD and ZCOB are linear pair angles, ‘therefore ZDOC + ZBOC = 180° 
=> ZCOD+ ZCOD= 180° 
=> ZCOD=90° 
' CO is perpendicular to DB 
CA is perpendicular to DB 


Illustration 3 : In the adjoining figure, ABC and BAD are two triangles on the same base AB such that BC — AD and 
ZABC = ZBAD. . 
Prove that : (i) AC- BD (ii) ZACB = ZBDA (iii) CO= DO 


SOLUTION : In As ABC and BAD, we have : 
AB — BA (Common) 


BC=AD (Given) A B 
ZABC = ZBAD (Given) 
<. AABC = ABAD (SAS rule] 
+ AC=BDand ZACB= ZBDA and therefore, ZOCB = ZODA 2 | 
Again, in As BOC and AOD, we have : 
BC=AD (Given) 
ZOCB = ZODA (Proved) É i 
ABOC z= AAOD (AAS rule) 
A 
| | 


and ZBOC=ZAOD (Vertically opposite angles] 
Hence, CO = DO. 


Illustration 4 : In figure, AE = EC and DE = BE. Prove that 


(i) ZAED —ZCEB (ii) ZA = ZC 
SOLUTION : Given that as in figure 
AE=EC 
DE*BE .|G3OQP | (1) 
In AAED and ABEC 
AE = EC. (Given) 
ZAED = ZCEB (Vertically opposite angles) 
DE = EB (Given) 
Then by SAS Rule 
AAED = ACEB 
Hence, ZA = ZC and ZD = ZB (By CPCT) 
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Illustration 5 : In the given figure, AB || CD and ZABO = 30°, ZODC = 70°, find x.” 
i B [ 








A $Y C 
SOLUTION : Draw a line XY passing through O parallel to 4B and CD. 


Now ZB and ZBOY are interior angles on the same side of transversal OA between parallel lines AB and XY. 
=>  ZB-*ZBOY-180? 


30° + ZBOY = 180° 
ZBOY = 150? 
Similarly ZD and ZDOY are interior angles on the same side of transversal OD between parallel lines XY and CD. 
=> ZD + ZDOY=180° 
70° + ZDOY = 180° 
ZDOY = 180° — 70° = 110° 
Now, x = ZBOY + ZDOY = 150° + 110° = 260° 


Illustration 6 : In the given figure find y, if x = 5° | 2y-x 


SOLUTION : We know that in a triangle exterior angle = sum of two interior appodite angles. 
2y-x=y-5+2x+40 
2y-y=2x+35+x 


y=3x+35 cr 
On substituting x = 5°, we get 
y=3x5+35=15 +35 = 50° 
Illustration 7 : In the given figure AC = AD and CB = DB then prove that AB bisects ZA. 
SOLUTION : In As ABC and ABD, we have A 
AC=AD (given) 
BC = BD (given) 
AB = AB (common) A B 
So, by SSS rule ; 
AABC = AABD 
ZBAC = ZBAD (corresponding parts of congruent triangles are equal) 
AB bisects ZA. D 


SOME INEQUALITY RELATIONS IN A TRIANGLE 

We know that if two sides of a triangle are equal then the angles opposite to them are also equal and vice-versa. What happens the 
two sides of a triangle when angles opposite to them are unequal and vice-versa ? We get the answer of s h ions i 
the form of following three theorems. i a 
THEOREM 5 : If two sides of a triangle are unequal, then the angle opposite to the longer side is larger (or greater) 
Given: A triangle ABC in which AB > AC 

To Prove: ZC > ZB 

Construction: Take a point D on AB such that AC = AD join CD. 


PROOF : In AACD, AC = AD 
Therefore, ZACD=ZADC seen ees (1) 
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But ZADC is an exterior angle of ABDC 
ZADC » ZB (2) 


"nm 


From (1) and (2), we have 
ZACD ZB 
By figure, ZACB>ZACD .  .... (4) 
From (3) and (4), we have 
ZACB > ZACD> ZB 
=> ZACB » ZB 
= P. dne £8 


oy 


THEOREM 6 : In a triangle, the side opposite to the longer (greater) angle is longer. 


Given: A triangle ABC in which ZB » ZC 
To Prove: AC ^» AB 


PROOF: We have the following three possibilities for sides 4B and AC of AARG: 
(i) AC=AB (ii) AC<AB and (iii) AC>AB 

Case (i) : If AC=AB: 

If AC = AB, then opposite angles of equal sides are equal. Hence, ZB = ZC. 
But it is given that ZB > ZC 

Hence AC + AB 

Case (ii) : If AC « AB: 

We know that the angle opposite to longer side is larger. 

^ AC<AB —ZCZB, 

which is also contrary to given ZB > ZC 

Hence, AC £ AB 

Case (iii) : If AC» AB: 

We are left only this possibility which must be true. 

Hence, AC > AB. 


THEOREM 7 : The sum of any two sides of a triangle is greater than its third side. 


Given : A triangle ABC. 
To Prove : 
(i) AB+BC>AC 
BC+AC>AB 
AC+AB> BC 
Construction : Produce BA to D, such that AD = AC and join DC. 


PROOF : In AADC, by construction AD = AC, then opposite angles are equal, 
ZACD=ZADC | 0 0000000 0 (1) 


Now, ZBCD>ZACD 5 000 (2) 
From (1) and (2), we have i 
ZBCD > ZACD = ZADC 
Therefore, BD > BC [side opposite to larger angle in a triangle i is longer] 
=> | BA*AD» BC [BD = BA + AD] 
=> | BA*AC» BC [By construction AD = AC] 
=> AB+AC>BC 
Similarly, we can show that E 
AB + BC» AC 
BC+AC>AB 


w 


A S 





* o 
Illustration 8 : In figure, Z DBA = 132? and Z EAC=120°. Show that AB > AC 120 


SOLUTION : As DBC is a straight line, 
132? + ZABC = 180° 


=> ZABC= 180° - 132° = 48° 132 
For AABC, ZEAC is an exterior angle 5 
120° = ZABC + ZBCA (Ext. Z = sum of two opp. int. Zs) B 
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— same ' Mathematics 
=> 120°=48°+ ZBCA 
-=> ZBCA=120° — 48° = 72° | 
Thus, we find that ZBCA > /ABC 
=> AB>AC (side opposite to greater angle is greater) cA ay 
Illustration 9 : In quadrilateral ABCD, AB is the shortest side and DC is the / 
longest side. l 
Prove that : (i) ZB > ZD (ii) ZA > ZC 
SOLUTION : Join B and D 
In A4BD, AD» AB (given, AB is the shortest side) D C 
^ Za» zc — ee (1) (angle opposite to greater side is greater) 
In ABCD, CD» BC (given, CD is the longest side) 
~ Zb»2Zd | ... (2) (angle opposite to greater side is greater) 
es Lat b> c+ Zd l (Adding (1) and (2)) 
= BED . ! 
Similarly, by joining AC, it can be proved that ZA > ZC. 
Illustration 10 : In figure, ABCD is a quadrilateral. Show that 
(i) AB+BC+CD+DA>2AC 
(ii) AB+BC+CD+DA>AC+BD | D C 
SOLUTION : We know that the sum of the two sides of a triangle is greater than its third side. 
In A4BC, AB+BCSAC ~~ c (1) 
In A4DC, AD*-DC»AC — (2) 
InAABD, AB* AD» BD |. .-  — .. (3) | 
InABCD, BC*CD»BD . asessses (4) Y 
Adding (1) and (2), we get A B 
AB+BC+AD+CD>2AC  — ee (i) 
Again adding (1), (2), (3) and (4), we get 
2 (AB + BC + DO + AD) > 2 (AC + BD) P 


=> AB+BC+DC+AD>ACH+BD  — .... (ii) 

Illustration 11 : In the given figure, PR » PQ and PS bisects ZQPR. 
Prove that : ZPSR » ZPSQ. 

SOLUTION : in APQR 


7 


PR>PQ (given) Q S 
=> ZO>2ZR [angle opposite to larger side is greater] 
=> ZQ-ZR»0 
Also, ZPSR= ZOPS+ ZO  ...... (1) 
ZPO = LRPS+ áR omni (2) [exterior angle is equal to sum of interior Opposite angles] 
Now, ZQPS= ZRPS [PS bisects ZQPR] 


On subtracting the equations (2) from (1), we get 
ZPSR - ZPSQ = ZQ - ZR 

=> ZPSR-ZPSQ>0 

=> ZPSR>ZPSQ 
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 QUADRILATERALS . 
A quadrilateral is a closed figure obtained by joining four point in a plane (with no three 


points collinear) in an order. 


Since, ‘quad’ means ‘four’ and ‘lateral’ means ‘sides’, therefore ‘quadrilateral’ means ‘a 
figure bounded by four sides’. 


Every quadrilateral has : (i) Four vertices (ii) Four sides (iii) Four angles and 
(iv) Two diagonals. 

The given figure shows a quadrilateral ABCD, which has 

(i) four vertices namely : A, B, C and D. 

(ii) four sides namely : AB, BC, CD and DA. 

(iii) four angles namely : ZA, ZB, ZC and ZD. 

(iv) Two diagonals, namely : AC and BD. 


A diagonal is a line segment obtained on joining the opposite vertices. Thus on joining opposite vertices A,and C, we get the diagonals 
AC. In the same way, on joining the opposite vertices B and C, we get the diagonals BD. 


Adjucent sides : Two sides of a quadrilateral having a common end point are called its adjacent or consecutive sides. 
(AB, BC), (BC, CD), (CD, DA) and (DA, AB) are four pair of its adjacent sides. 


Opposite sides : Two sides of a quadrilateral having no common end point are called its opposite sides. 





Adjacent Angles : Two angles of a quadrilateral having a common arm are called its adjacent angles. - 
(ZA, ZB), (ZB, ZC), (ZC, ZD) and (ZD, ZA) are four pairs of adjacent angles. 


Opposite angels : Two angles of a quadrilateral having no common arm are called its opposite angles. 
(ZA, ZC) and (ZB, ZD) are two pair of opposite angles. 


TYPES OF QUADRILATERALS 
(i) TRAPEZIUM 


It is a quadrilateral in which one pair of opposite sides are parallel. 
In the quadrilateral ABCD, sides AB and DC are parallel, therefore it is a trapezium. 
If non-parallel sides of a trapezium are equal , it is known as isosceles trapezium. 


D C 
A B 
D C 
(ii) PARALLELOGRAM E 
It is a quadrilateral in which both the pairs of opposite sides are parallel. 
The adjoining figure shows a quadrilateral ABCD in which AB is parallel to 
DC and AD is parallel to BC, therefore ABCD is a parallelogram. 
A B 
D C 
4 B 
D C 
B 


(iii) RECTANGLE | 
It is a quadrilateral whose each angle is 90°. D 
The adjoining figure shows a quadrilateral ABCD in which each angle is 90 
ie., ZA = 90° = ZB= LC = LD 
(A) ZA + ZB =90° + 90° = 180° 2 AD I| BC 
(B) ZB + ZC = 90° + 90° = 180° => AB || DC 
Therefore rectangle ABCD is a parallelogram. 
Hence, A rectangle is a parallelogram also. 


4 


(iv) RHOMBUS 
It is a quadrilateral whose all the sides are equal. | 
The adjoining figure shows a quadrilateral ABCD in which 
AB = BC = CD = DA, therefore it is a rhombus. 


A 
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(v) SQUARE p Y 


It isa quadrilateral whose all the sides are equal and each angle is 90°. 
The adjoining figure shows a quadrilateral ABCD in which 

AB = BC = CD = DA and ZA = ZB = ZC = ZD = 90°, 

therefore ABCD is a square. 


(vi) KITE A A . 


Itisa quadrilateral in which two pairs of adjacent sides are equal. 
The adjoining figure shows a quadrilateral ABCD in which adjacent 


sides AB and AD are equal and also adjacent sides BC and CD are equal D 
therefore ABCD it is a kite or kite shaped figure. s; 


(i) Square, rectangle and rhombus are all parallelograms. 
(ii) Kite and trapezium are not parallelograms. 
(iii) A square is a rectangle. 
(iv) A square is a rhombus. 
(v) A parallelogram is a trapezium. 


SUM OF THE ANGLES OF A QUADRILATERAL 


Consider a quadrilateral ABCD. Join A and C to get the diagonal AC which divides the 
quadrilateral ABCD into two triangles ABC and ADC. D 
We know the sum of the angles of each triangle is 180? (2 right angles). 
In A4BC, ZCAB + ZB + ZBCA = 180° m 
In AADC, ZDAC + ZD * ZDCA = 180? .. (ii) 
On adding (i) and (ii), we get 
(ZCAB + ZDAC) + ZB + ZD * (ZBCA + ZDCA) = 180° + 180° 
ZA + ZB ZD + ZC-360? 
Thus, the sum of the angles of a quadrilateral is 360? (4-right angles) A B 


Illustration 12 : The angle of a quadrilateral are in the ratio 2 : 3 : 7 : 6. Find the measure of each angle of the 
quadrilateral. l 


SOLUTION : Let the measure of the angles of the given quadrilateral be (2x)°, (3x)°, (7x)°, (6x)° respectively. 
Then, 2x + 3x + 7x + 6x = 360 [^ The sum of the angles of a quadrilateral is 360°] 
=> 18r=360 
=> x=20 | 
" First angle = (2x)? = (2 x 20)? = 40? 
Second angle = (3x)? = (3 x 20)? = 60° 
Third angle = (7x)? = (7 x 20)? = 140° 
Fourth angle = (6x)? = (6 x 20)? = 120? 


Illustration 13 : Using the information given in figure, calculate the value of x. 


SOLUTION : Since, EAB is a straight line 
ZDAE + ZDAB = 180° 

=> 73°+ ZDAB = 180° 

i.e., ZDAB = 180? - 73° = 107° 
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Since, the sum of the angles of quadrilateral ABCD is 360° 
107° + 105° + x + 80° = 360° 

— 292° + x= 360° 

and, x = 360° — 292° = 68° 


THEOREM 8 : A diagonal of a parallelogram divides the parallelogram into two congruent triangles. 
Given : A parallelogram ABCD. | 


To Prove: A diagonal divides the parallelogram into two congruent triangles i.e., if diagonal AC is drawn then 
AABC x ACDA and if diagonal BD is drawn then A4BD x ACDB ; 


Construction: Join A and C. fa : 
PROOF : Since, ABCD is a parallelogram 
AB || DC and AD || BC. 

In A4BC and ACDA, 

ZBAC = ZDCA [Alternate angles] 

ZBCA = ZDAC [Alternate angles] 
and AC=AC {Common side] 

AABC = ACDA [By ASA rule] | . é 
Similarly, we can prove that 

AABD = ACDB 


THEOREM 9 : In a parallelogram, opposite sides are equal. 
Given : A parallelogram ABCD in which AB || DC and AD || BC. 
To Prove : Opposite sides are equal 

i.e., AB = DC and AD = BC. 

Construction : Join A and C 

PROOF : In AABC and ACDA 





ZBAC = ZDCA [Alternate angels] 

ZBCA = ZDAC. . [Alternate angels] 
AC=AC [Common] 

AABC x ACDA [By A.S.A rule] 


— ` AB- DCand BC- AD [By C.P.C.T] 
THEOREM 10 : If each pair of opposite sides of a quadrilateral is equal, then it is a parallelogram. 


Given : A quadrilateral ABCD in which AB = DC and AD = BC. " r 
To Prove: ABCD is a parallelogram — . z 
i.e., AB || DC and AD || BC. 

Construction: Join A and C 

PROOF : In AABC and ACDA 


AB = DC [Given] 
BC = AD [Given] [X 
and AC - AC [Common] 4 " 
AABC x ACDA [By S.S.S. rule] | 
= “£1=23 [By C.P.C.T] | 
and Z2-224 [By C.P.C T.] | - 
But Z1, 23 and Z2, Z4 are pair of alternate angles and whenever alternate angles are equal, the lines are parallel. 
AB || DC and AD || BC. D S 


= ABCD is a parallelogram. 


THEOREM 11 : Ina parallelogram, opposite angles are equal. 
Given: A parallelogram ABCD in which AB || DC and AD || BC. 

To Prove : Opposite angles are equal i.e., ZA = ZC and ZB = ZD. hs 
Construction : Draw diagonal AC. 


PN 
o 
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PROOF : In AABC and ACDA, 
ZBAC = ZDCA [Alternate angles] ...(1) 
ZBCA-ZDAC . [Alternate angles] .. (il) TN 
AC 7 AC [Common] 
AABC = ACDA [By A.S.A. rule] 
=> ZB - ZD [By C.P.C.T] 


Also, on adding (i) and (ii), we get 
ZBAC + ZDAC = ZBCA + ZDCA 
=> ZBAD-ZDCB ie. Z/A-ZC 

ZA 7 ZC and ZB - ZD 


THEOREM 12 : If in each pair of opposite angles of a quadrilateral opposite angles are equal, then it is a parallelo- 
gram. 

Given : A quadrilateral ABCD in which opposite angles are equal. 

i.e., ZA = ZC and ZB = ZD. 


To Prove : ABCD is a parallelogram 
i.e., AB || DC and AD || BC. 


PROOF : Since, the sum of the angles of a quadrilateral is 360° 
/ => LA+ZB+ ZC* ZD=360° : 2 


=> £A+ZD+ ZA+ ZD=360° [ZA=ZCand ZB - ZD] 
=> 22A+2 ZD=360° 
=> ZA-*ZD-180? 
But this is the sum of interior angles on the same side of transversal AD 
and whenever the sum of interior angles on the same side of the transversal 
is 180°, the lines are parallel. 
AB || DC 
In the same way, 
ZA * ZB+ ZC+ ZD - 360? 
= £A+ZB+ZA+ ZB=360° [ZA = ZC and ZB = ZD] 
=> 22A+2 ZB=360° ; 
=> ZA+ ZB=180° 
But this is also the sum of interior angles on the same side of transversal AB. 
= AD||BC 
Since, AB || DC and AD || BC 
—  ABCD is a parallelogram. 


zh. 
Dy 


THEOREM 13 : The diagonals of a parallelogram bisect each other. 


Given : A parallelogram ABCD. Its diagonals AC and BD intersect each other at point O. 
To Prove : Diagonals AC and BD bisect each other i.c., O4 = OC and OB = OD D C 


PROOF : Since, AB || DC and BD is transversal 
^. ZABO = ZCDO [Alternate angles] 
Since, AB || DC and AC is transversal, 
^ LZBAO= ZDCO [Alternate angles] 
Also, AB - DC [Opp. sides of a parallelogram] 
^ In AAOB and ACOD : 
ZABO = ZCDO 
ZBAO = ZDCO and AB = DC 
= AAOB= ACOD [By A.S.A.] 
= OA=OC and OB = OD (By C.P.C.T.] 


hd 
=~ 


B 


THEOREM 14: If the diagonals of a quadrilateral bisect each other, then It Is a parallelogram, 
* Given: A quadrilateral ABCD whose diagonals AC and BD bisect each other at point O 
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i.e., OA = OC and OB = OD 
To Prove: ABCD is a parallelogram i:e., AB || DC and AD || BC. 
PROOF : In AAOB and ACOD 





OA = OC [Given] 
OB = OD [Given] 
and, ZAOB = ZCOD [Vertically opposite angles] 
= AAOB=ACOD |. [By S.A.S.] 
=> Z1=22 [By C.P.C.T.] 
But these are alternate angles and whenever alternate angles are equal, the lines are parallel. 
- AB is parallel to DC i.e., AB || DC 
In the same way AAOD = ACOB [By S.A.S.] 
=> Z3-4Z4 
But these are also alternate angles 
=> AD|| BC 





Now, AB || DC and AD || BC 
= ABCD isa parallelogram. 


THEOREM 15 : A quadrilateral is a parallelogram, if a pair of opposite sides is equal and parallel. 


Given: A quadrilateral ABCD in which AB || DC and AB = DC. 
To Prove : ABCD is a parallelogram 

i.e., AB || DC and AD || BC. 

Construction : Join A and C. 


PROOF : Since AB is parallel to DC and AC is transversal . D ) 
ZBAC = ZDCA [Alternate angles] - Y 
AB = DC ' [Given] e^ | 
and — 4C- AC [Common side] | 
=> ABAC = ADCA [By S.A.S.] 
=> ZBCA=ZDAC [By C.P.C.T.] 
But these are alternate angles and whenever alternate angles are equal, the lines are parallel. 
=> AD||BC 


Now, AB || DC (given) and AD || BC 
= ABCD is a parallelogram. 


(i) In order to prove that given quadrilateral is a parallelogram, prove that 
(a) Opposite angles of the quadrilateral are equal, or 
(b) Diagonals of the quadrilateral bisect each other, or 
(c) A pair of opposite sides is parallel and is of equal length, or 
(d) Opposite sides are equal. 
(ii) Every diagonal divides the parallelogram into two congruent triangles. 


SPECIAL TYPES OF PARALLELOGRAM 
RECTANGLE AT 


A parallelogram is a rectangle if any of its angles is a right angle (90?). 
The adjacent figure is a parallelogram ABCD with angle A = 90°. Therefore, ABCD is rectangle. D 
Reason : When ZA = 90? 
=  ZC*4Z4*^790? (Opp. angles of a parallelogram are equal] 
Since, the adjacent angles of a parallelogram are supplementary 
i ZÁ + ZB= 180° 2 90+ B= 180° => ZB=90° 
Similarly, ZD = 90? l / A B 
As, ZA = ZB= ZC = ZD=90°, ABCD is a rectangle. 
Since every rectangle is a parallelogram, therefore, it has all the properties of a parallelogram, Additional properties of a rectangle 
are : 
All the (interior) angles of a rectangle are right angles. 


ZA = ZB= ZC = ZD=90° 
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Properties : The diagonals of a rectangle are equal i.e. 
AC=BD. 


RHOMBUS 
A parallelogram is a rhombus if any pair of its adjacent sides are equal. 
The given figure is a parallelogram ABCD with adjacent sides AB and AD equal. 
Reason : Since, the opposite sides of a parallelogram are equal, therefore AB = DC and AD = BC. 
Now, if adjacent sides AB and AD are also equal them all the four sides AB, BC, CD and 
DA are also equal to each other i.e., AB = BC = CD = DA. 
=> ABCD is a rhombus. l 








Properties: Since every rhombus is a parallelogram, therefore, it has all the properties of a parallelogram. Additional properties 


of a rhombus are : n 
. All the sides of a rhombus are equal: 
In the above diagram, AB = BC = CD = DA. 
* The diagonals of a rhombus intersect at right angles. 
In the above diagram, AC LBD. ` 
* The diagonals bisect the angles of a rhombus. 
In the above diagram, diagonal AC bisects ZA as well as ZC and diagonals BD bisects ZB as well as ZD. 


SQUARE : A parallelogram is a square, if any pair of its adjacent sides are equal and any of its angle is 90°. 
The adjacent figure shows a parallelogram ABCD with AB = BC and ZA = 90° 
' ABCD is a square. . x 
Reason : Since, opposite angles of a parallelogram are equal, therefore ZC = 7A — 90? 
Since, in a parallelogram sum of its adjacent angles is 180? 
ZA + ZB=180° => 90°+ ZB=180° => ZB=90° 
Also, ZD = ZB = 90° , i 
Since, ABCD is a parallelogram its opposite sides are equal 
AB = DC and BC = AD 
AB = BC 
AB = BC = CD = DA " “+ 
Also, it is proved above that each angle of the given parallelogram ABCD is 90° 
ABCD is a square 
Properties : 
(a) All the sides are equal i.e., AB=BC=CD=DA 
(b) Each of the angles is equal to 90° m 
ie, ZA = 90° = ZB = ZC = ZD 
(c) Diagonals are equal i.e., AC = BD 





è , ^ 1 : 
(d) Diagonals bisect each other at right angle i.e., OA=OC= 24€ and OB = OD = z BD 

and Z40B- ZBOC = ZCOD = ZDOA - 9? i 2 
(e) Diagonals bisects the angles of vertex i.e., AC bisects Z4 and ZC and BD bisects ZB and ZD 


DIAGONAL PROPERTIES OF SPECIAL TYPES OF PARALLELOGRAM 


Parallelogram 
Diagonals bisect each other 
Diagonals are equal OoOo ls 











Diagonals bisect vertex angles | N — NEM 
Diagonals are perpendicular to each other a ae 





Diagonals form 4 equal triangles 5 
Diagonals from 4 congruent triangles 
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VENN-DIAGRAM OF THE RELATIONS BETWEEN SPECIAL TYPE PARALLELOGRAMS 


| Venn-Diagram 


Parallelograms Quadrilaterals 


Rectangles 


Illustration 14 : In the given figure, ABCD is a parallelogram, AP bisects angle 4 and BP bisects angle B. 
Prove that 4B — 24D l D P C 





SOLUTION : Since, AP bisects ZA > Z1 = Z2 
Also, AB || DC and AP is transversal 





Zl 23 (Alternate angles) 
22-423 i 
; In triangle ADP, 22 = Z3 | B 
AD-DP | | | | |  ..... (1) [Sides opp. to equal angles] 
Similarly, Z4 = Z5 and Z4 - Z6 [Alternate angies] 
= £5=46=> BC-PC o (2) 
AD+BC=DP+PC [Adding (1) and (2)] 
+ AD+AD=DC (Opp. sides of a parallelogram are equal] 


=> DC=2AD => AB=2AD 


Illustration 15 : AB and CD are two parallel lines and a transversal PQ intersects AB at X and CD at Y. Prove that the 
bisectors of the interior angles from a rectangle. 


SOLUTION : In the figure, AB || CD and PQ is transversal. Bisectors of interior angles at point X and Y form a quadrilateral XEYF. 


l 
Since, XE bisects angle AXY, ZEXY = 2 ZAXY 


l 
Since, XF bisects angle BXY, ZFXY = 2 ZBXY mrt 


l 
LEXY + LEXY =} ZAXY + > ZBXY 


=> ZEXF = — (ZAXY+ ZBXY) 


ZAXB = ; x 180? = 90? 
Similarly, it can be proved that ZEYF = 90? 


l l 
Also, ZEXY = 2 ZAXY and ZEYX= 2 ZCYX 


l | : 
LEXY + ZEYX = ; ZAXY + 2 ZCYX = 2 '74XY* ZCYX) 
- i x 180° [Co-interior angles are supplementary] 


= 90° 
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In AEXY, 
ZE + ZEXY + ZEYX = 180° \ 
=> ZE+90°=180° [LEXY + ZEYX = 90°] \ 
=> ZE=180°-90°=90° \ \ 
Similarly, it can be proved that ZF = 90° 
Since, each angle of the quadrilateral YEYX is 90°, therefore XEYF is a rectangle. 
16. MID POINT THEOREM 


The line segment joining the mid-points of any two sides of a triangle is parallel to the third side and equal to half of it. 


Given : A AABC in which D and E are the mid-points of AB and AC respectively. DE is joined. 


To prove : DE|| BC and DE = ; BC 


Construction : Produce DE to F such that DE = EF. Join CF. 


PROOF : |n As AED and CEF , we have ; 
ED=EF 





(by construction) 


EA=EC [^ Eis the mid point of AC] 
and ZAED = ZCEF (vert. opp. Zs) 
‘GAED = ACEF (S.A.S.) 
So, AD - CF and ZADE - ZEFC [ERE ELSES ye —— | a 


Now, AD = CF and AD = DB together imply that DB = CF. 
Also, ZADE 7 ZEFC => AD||CF [+ ZADE & ZEFC are alt. Zs] 


=> DB || CF 
Thus, DB || CF and DB = CF H 
- BCFD is a parallelogram B K 
Hence, DF || BC and DF = BC. 


But, D, E, F are collinear and DE = EF. 
l 
DE || BC and DE = 9 BC. 


CONVERSE OF MID POINT THEOREM 
The line drawn through the mid-point of one side of a triangle parallel to the another side, bisects the third side. 


Given : A triangle ABC in which P is the mid-point of side AB and PQ is parallel to BC. 
To prove : PỌ bisects the third side AC i.e., AQ = QC. . 
Construction : Through C, draw CR parallel to BA, which meets PQ produced at point R. 


PROOF : Since, PQ || BC i.e, PR || BC [Given] 
and CR || BA i.e., CR || BP [By construction] 
-Opposite sides of quadrilateral PBCR are parallel. 
=> PBCR isa parallelogram. 
=> BP=CR . 
Also, AP = PB [As, P is mid-point of AB] 
CR = AP 
AB || CR and AC is transversal, => ZPAQ = alternate ZRCQ 
AB || CR and PR is transversal, — ZAPQ - alternate ZCRQ 
In A4PQ and ACRQ 
AP - CR, ZPAQ= Z RCQ and ZAPQ= ZCRQ 
= AAPQ = ACRQ (A.S.A.) 
=> AQ=CQ (CPCT) 


THEOREM 17: If there are three or more parallel lines and the intercepts made by them on a transversal are equal, then 
the corresponding intercepts on any other transversal are also equal, 





Given : Three parallel lines /, mand n i.c., £]| m || n. | 
A transversal p meets these parallel lines at points A, B and C respectively such that AB = BC. 
Another transversal g also meets these parallel lines at 2, m and n at points D, E and F respectively. 
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NBN Ripa dix 1 color proe £P oda vo 
To Prove: DE = EF 

Construction : Through point A, draw a line parallel to DEF ; which meets BE at point P and CF at point Q. 
PROOF : In AACQ, B is mid-point of AC and BP is parallel to CQ and we know that the 


line through the mid-point of one side of a triangle and parallel to another side bisects 
its third side. 
AP=PQ ./——  J ... (i) 
AP || DE and AD|\ PE [By construction) 
= APED isa parallelogram. 
2 ADE = x noun (ii) 
and PỌ || EF and PE || OF [By construction) 
=> PQFE isa parallelogram . 
2—PQ*ER-.- .--.--—2 (iii) 
From (i), (ii) and (iii) we get, DE = EF 





M7 


Illustration 16 : ABCD is a parallelogram in which £ and F are the mid-points of the sides AB and CD respectively. Prove 
that the segments CE and AF trisect the diagonal BD. 


SOLUTION : AF and CE intersect BD at P and Q respectively. 
Clearly, AE || CF and AE = CF. 

-. AECF is a parallelogram. So, FA || CE. 

In ACDQ, F is the mid-point of CD and FP || CO. — [^ FA || CE] 
So, P is the mid-point of QD. 

Consequently, OP=PD sts (i) 

In ABPA, E is the mid-point of AB and EQ || AP 

So, Q is the mid point of BP. 

Consequently, BO=QP tts (ii) 
From (i) and (ii), 

Hence, BO = OP = PD. 

Illustration 17 : In AABC, D, E and F are respectively the mid-points of sides AB, BC and CA. Show that AABC is divided 





into four congruent triangles by joining D, E and F. 


SOLUTION : As D and E mid-points of sides AB and BC respectively of the triangle ABC. ^ 

-. DE|| 4C | 

Similarly, DF|| BC and EF || 4B 

Therefore, ADEF, BDFE and DFCE are all parallelograms. D F 

Now, DE is a diagonal of the parallelogram BDFE, ` 

therefore, ABDE = AFED 

Similarly, ADAF = AFED j d ` 


and AEFC= AFED 


So, all the four triangles are congruent. 
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Solved Examples 








In figure, AD = BC and BD = CA. Prove that ZADB = ZBCA and ZDAB = ZCBA 
SOLUTION : Given tbat AD = BC and BD = CA 


B 
In AABD and AABC, 
AD = BC 
BD=CA (Given) 
AB = AB 
Therefore by SSS rule, "y 
AABD = ABAC 
Hence corresponding angles are equal, 
i.e. 

C 


ZADB = ZBCA and ZDAB = ZCBA 


In figure, AB = AC. D is a point in the interior of A4BC such that ZDBC = ZDCB. 
Prove that AD bisects Z BAC. 


SOLUTION : In ABDC, ZDBC = ZDCB then the opposite sides are equal. 
ie CD-BD .. (1) ^ 
Now in A4BD and AACD | 
BD = CD [by (1)] 
AD — AD (common side) 
AB — AC (Given) 
Therefore by SSS rule, 
AABD z AACD 
B C 


Consequently, ZBAD = ZCAD 
= AD bisects ZBAC 


In figure, ABCD is a add in which BC = AD and ZADC = s then show that 
(i) AC = BD di ZACD = ZCDB. 


SOLUTION : In figure, it is given that 
BC = AD and ZADC = ZBCD " 
Hence in A4DC and ABCD 
f AD = BC (Given) 
CD = CD (common) 
7 ZACD = ZBCD (Given) 


Therefore, by SAS rule AADC = ABCD 
Hence corresponding sides and angles are equal. 
Le, AC=BD and ZACD = ZCDB 


In figure, ABCD is a square and A CDE is an equilateral triangle. k 
Prove that AE = BE. 
SOLUTION : ACDE is a equilateral triangle. 
CD=DE=CESSSSS .— | |— 22 (1) e i D 
ZDEC = LEDC = ZDCE=60°  ]|  ... (2) 
and ABCD is a square 
ZADC = ZBCD = 90° 
On adding ZEDC to both sides 
ZADC + ZEDC= ZBCD + LEDC 
=> ZEDA=ZECB | | | | |  ... (3) (^ ZEDC = ZDCE) 7 
A 
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Now in A4DE and ABCE 
AD = BC (sides of the square) 


ZEDA - ZECB  [by(3)] 


DE = EC [by (1)] 
Therefore by SAS rule 

AADE = ABCE 
Consequently corresponding sides are equal, 
ie. AE BE. 


In figure, AD is a median of AABC. Prove that AB + AC» 2AD. 


SOLUTION : Produce AD to E such that AD = DE and join CE. 
In AADB and AEDC 


AD = DE (By construction). 
BD=DC , (Given) 
and ZADB= ZEDC (Vertically opposite angle) à 
Therefore, A4DB x AEDC (By SAS rule) 
Consequently AB = CE f 
Now in AACE Ve 
AC * CE» AE E 
=> AC+AB>AE [^ CE = AB] 
=> AC+AB>2AD [^ AE = 24D] 


In the figure, AABC is right angled at B. ACDE and BFGC are squares. Prove that 





E 
(i) ABCD= AACG (ii) BD = AG 
SOLUTION : ZBCA = ZBCA (same angle) 
=> 90°+2ZBCA =90°+ ZBCA (adding 90° to both sides) D 
= ZACD + ZBCA = ZGCB + ZBCA (each angle in a square = 90°) A 
=> ZBCD=ZACG ; : 
In As BCD and ACG 

BF C 


CD - AC (sides of square ACDE) 
BC=CG (sides of square BFGC) 
ZBCD = ZACG (from above) 
(i) ABCD=AACG t: (By SAS rule) 
(ii) BD=AG F G 


In an equilateral triangle ABC the mid point of the side BC, CA and AB are D, E and F, respectively. Prove 


that ADEF is an equilateral triangle. ra y 
SOLUTION : In AABC, D, E and F are midpoint of BC, CA and AB respectively 
Thus DE - — AB — (1) 
EF-LBC 00000 (2) 
2 
l 
FD = TAC sn (3) 


But AABC is an equilateral triangle 
Hence, AB = BC = AC 
From (1), (2) and (3), we get 
DE = EF = FD 
Therefore ADEF is an equilateral triangle. 
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ABCD is a parallelogram, P and Q are the points on the diagonal BD such that DP = BQ. Prove that APCQ 
is a parallelogram. 


SOLUTION : In AAPD and ACQB, : 
AD = BC (Opposite sides of parallelogram) SH. compete 
ZADP = ZCBQ (Alternate angles) 

DP-BQ - (Given) 


So, from side-angle-side congruency 
AAPD = ACQB 


Thus, corresponding sides of congruent triangles are equal. 

Therefore AP-CQ "ss (1) p aue E 

Similarly in ACPD and A4QB B 
CP = AQ a 

From (1) and (2), we get APCQ is a parallelogram. 


Prove that the quadrilateral formed by joining the mid points of the adjacent sides of a quadrilateral is a 
parallelogram. 





iim * Consider a quadrilateral ABCD, in which P, Q, R and S are the mid points of sides respectively. 
oin 


In AABC, P and Q are the mid-points of the sides 4B and BC respectively. Since we know that the line drawn through the mid-point 
of one side of a triangle parallel to another side bisects the third side. 


l D R c 
So, PỌ || AC and PO, AC l 
Similarly, S and R are the mid points of the sides AD and DC respectively, 
. 3 C 


SR||AC and SR == AC 
From (1) and (2), we get 


PQ|| SR andPQ= SR == AC 
Therefore PORS is parallelogram. 


In the adjoining kite, diagonals intersect at O. If ZABO = 32° and ZOCD = 40°, find 
(i) ZABC (ii) ZADC (iii) ZBAD 


SOLUTION : Given, ABCD is a kite. 
(i) .As diagonal BD bisects ZABC, 
ZABC =2 ZABO 7 2 x 32°= 64? 
(au) ZDOC- 90? [diagonals intersect at right angles] 
ZODC + 40? + 90° = 180° [sum of angles in AOCD] 
=> ZODC-180?- 40? — 90? = 50? 
As diagonal BD bisects ZADC, 


——————— (©) 





ZADC=2 ZODC=2 x 50° = 100° , S 
(iii) As diagonal BD bisects ZABC CS 

ZOBC = ZABO = 32° ] 

ZBOC - 90? [diagonals intersect at right angles] 

ZOCB + 90° + 32? = 180° [sum of angles in AOBC] 


= ZOCB= 180° - 90° - 32° = 58° | | | 
ZBCD = ZOCD + ZOCB = 40? + 58? = 98? 

^  £BAD = ZBCD = 98° if [In kite ABCD, ZA = ZC) 

In an quadrilateral (kite) ABCD there is a point *O' inside it such that OB = OD. Prove that *Q" lies on AC. 

SOLUTION : In the AAOD and the AAOB. 


AD = AB (given) 
OD - OB (given) 


OA = OA (common) 
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AAOD = AAOB 

ZAR —— 5 (1) (C.P. CTT.B) 
Similarly in the ACDO and ACBO 

43-2474. — - ... (2) 


Adding eqs (1) and (2), we get 
Z1+Z3222+24 
But 21+22+23+24=360° 
2 (Z 1+ 2 3)=360° 
= Z1*232180? 
ZAOC = 180? 
Hence ‘O’ lies on AC. 





C 
XIAMEN In the figure, ABCD is a parallelogram. E is the midpoint-of BC, DE and AB, when produced meet at F. 
Prove that AF = 2AB. 


D C 
SOLUTION: In the ACDE and the ABFE, 


ZDEC = ZBEF (vert. opp. angles) 
ZDCE = ZEBF (int. alt. angles) E 
CE = EB "og 

ACDE = ABFE | 

DC-BF 

But DC = AB (opp. sides of a || gm) | 

AB = BF | A. B F. 
AB + BF- BF + BF = AB + AB (-. AB - BF) 
AF = 2AB 


eerie! The angles of a quadrilaterals are in the ratio 3 : 5 : 9 : 13. Find all the angles of the quadrilaterals. 


SOLUTION : Given ratio of angles are 3: 5:9 : 13 

Let four angles of the quadrilateral are 3k, 5k, 9k and 13k. 

We know that sum of four angles of a quadrilateral is 360? 

Therefore,3k + 5k + 9k + 13k = 360° 

=> 30k=360° = k=12 

Therefore four angles are (3 x 12)°, (5 x 12)°, (9 x 12)? and (13 x 12)° or 36°, 60°, 108°, 156°. 


were In the given figure, AD = BC and <DAB= ZCBA, Prove that: 


D 
(i) AC=BD. (ii) ZBAC= ZABD 
SOLUTION : In As ABC and BAD, A 
BC=AD ^ (given) 
ZABC = ZBAD (given) 
AB — AB (common) 
So, by SAS rule, à 
' AABC = ABAD, 
| e e BD = AC 
and ZBAC= ZABD [Corresponding parts of congruent triangles are equal] C 
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ALA 1n the given figure PA L AB, QB L AB and OA = OB. 0 
Show that O ls the mid point of PQ. 
SOLUTION : |n As AOP and BOQ, 
£A LB = 90° ` 
AO = BO (given) O j 
ZAOP = ZBOQ (vertically opposite angles) 
> By ASA rule 
AAOP = ABOQ 
PO = QO [Corresponding parts of congruent triangles are equal] P 


= Ois the mid point of PQ. 


In the given figure, / is the bisector of ZPAQ, BQ L AQ, BP L AP. 
Prove that B is equidistant from the arms of Z PAQ. 
SOLUTION : 
In As ABQ and ABP, 

ZAQB = ZAPB = 90° 





ZQAB = ZPAB [line / bisects ZPAQ] 
AB AB (common) 

=>  ByAAS rule 
AABQ x AABP 

=> BQ-BP - [CPCT] 


Hence is equidistant from the arms of ZPAQ. 
LT EE In a triangle ABC, BE and CF are two equal altitudes. 


Using RHS congruency rule, prove that AABC is isosceles. A 
SOLUTION : 
Inright As BCE and CBF 
BC = BC (common hypotenuse) p E 
BE=CF . (given) 
So, by RHS property 
ACBE = ABCF B C 
—À ZBCE= CBF [CPCT] 
=> AB = AC [sides opposite to equal angles of a triangle are equal] 


Hence, AABC is isosceles. 
ital BEN ABC is an isosceles In which AB = AC. AD bisects exterior angle PAC and CD || AB. Show that 





(0 ZDAC= ZBCA and (ii) ABCD is a parallelogram, 
SOLUTION : 
(i) AABC is isosceles in which AB=AC (Given) 
So, ZABC=ZACB (angles opposite to equal sides) 
Also, ZPAC = ZABC + ZACB (Exterior angle of a triangle) 
or PAC @2:ZACB i — | ww (1) 
Now, AD bisects ZPAC 
SO, 44PLC"2Z£DAIC — —— — —— ooows (2) 
Therefore, 2 ZDAC = 2 ZACB [From (1) and (2)] 
or ZDAC = ZACB 
(ii) ^ Now, these equal angles form a pair of alternate angles because line 
segments BC and AD are intersected by a transversal AC, n 
So, BC||AD 
Also, BA || CD (Given) 


Now, both pairs of opposite sides of quadrilateral ABCD are parallel, 
So, ABCD is a parallelogram. 
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AMEI Show that the bisectors of angles of a parallelogram form a rectangle. D C 

SOLUTION : 

Let P, Q, R and S be the points of intersection of the bisectors of ZA and ZB, ZB 

and ZC, ZC and ZD, and ZD and ZA respectively of parallelogram ABCD C> 


Since DS bisects ZD and AS bisects ZA, therefore, 
l 
ZDAS* LADS= 744 1. 2p 
2 2 ; 
A B 
I l 
73 (ZA + 2D) = 2 x 180° = 90° (ZA and ZD are interior angles on the same side of the transversal) 


Also, ZDAS + ZADS + ZDSA = 180° 
or 90°+ ZDSA = 180? 

^o ZDSA=90° 
or  ZPSR- ZDSA - 90° (Being vertically opposite to ZDSA) 
Similarly, it can be shown that 
ZSPQ = ZPQR = ZQRS = 90° 
So, PORS is a rectangle. 


yeeros ABCD is a trapezium in which AB || DC, BD is a diagonal and E is the mid-point of AD. A line is drawn 


through E parallel to AB intersecting BC at F (as shown). Prove that F is the mid-point of BC. 


SOLUTION : D C 


Given line EF is parallel to AB and AB || DC 

EF || AB || DC. 
In AABD, E is the mid-point of AD E F 
EP is parallel to 4B | (As EF || AB) 

P is mid-point of side BD. [Since, the line through the mid-point ofa 

! side of a triangle and parallel to the other 
side, bisects the third side] 

Now, in ABCD, P is mid-point of BD and, PF is parallel to DC [As EF || DC] A B 

F is mid-point of BC — ' 


NEM If a diagonal of a parallelogram bisects one of the angle of the parallelogram, prove that it also bisects the 
second angle and then the two diagonals are perpendicular to each other. 


SOLUTION : 
Consider a || gm ABCD in which the diagonals AC and BD intersect at O. And, ZBAO = ZDAO. 
Since AD || BC and AC intersects them. EE C 


. JZBCO-ZOAD (alt. int. Zs) 
Also, AB || DC and CA intersects them 
ZDCO=ZOAB (alt. int. Zs) 
But, ZOAD = ZOAB (Given) 
ZBCO = ZDCO 
-Also,  Z4-7ZC (opp. Zs of a ||gm) 


: 1 4-7 4C 


"Ne 


= Žoan = ZDCO. 
Now, in AACD, ZDCO = ZOAD = AD = CD 
But, AD = BC and CD = AB 

AB = CD = AD = BC 


So, ABCD is a rhombus. 
Now, diagonals of a rhombus bisect each other at right angle. So, AC L BD. 
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Wu lintho Blanks 0 

DIRECTIONS: Complete the following statements with an 

appropriate word / term to be filled in the blank space(s), 


A, -In A4BC, ZA > ZB and ZB > ZC, then smallest side is 
2. If ZC is right angle in AABC, then larger side is ..... 

The angles opposite of equal sides of a triangle are 
4.  Iftwoangles and the included side of one triangle are equal 


to two angles and the included side of the other triangle, 
then the two triangles are 


In a triangle, angle opposite to the longer side is ............. 
6. Sum ofany two sides ofa triangle is greater than the 


side, 

7. The triangle formed by joining the mid-point of the side of 
an isosceles triangles is .............. 

8. The triangle formed by joining the mid-points of the sides 
of a right triangle is ................. 


9. The figure formed by joining the mid-points of the 
consecutive sides of a quadrilateral is ............. 


10. If the diagonals of a parallelogram are equal, then it is a 


MAAZSZLZLLLLLLLLIIIIIIITIITTTIT 


H. Parallelograms on the same base and between the same 
PST are equal in area. 


12. Triangles with equal .......... and having any side of one 
equal to any side of the other have equal corresponding 
altitudes. 

13. Triangles on the same base and between the same parallels 
PETRE in area. 


14. The area ofa triangle = ; base x 


I5. A median divides a triangle into ................ triangles of equal 
area. 





A , " - " LJ r i 
T bow on Li t Se 
vow Y dies V KT. ^ a 
» TGS??? d Jabse, e € 


jJ bu ES 





————— 
DIRECTIONS: Read the following statements and write your 
answer as true or false. 





l. If two sides of a triangle are unequal, the greater side has 
the greater angle opposite to it. 


Scalene triangle may be an acute-angled triangle. 

An isosceles triangle may be a right angled triangle. 

An obtuse angled triangle may be an equilateral triangle. 
A right angled triangle may be a scalene triangle. 


mawy 
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6. The angles of a triangle are in the ratio 2 : 1 : 3, Triangle is 
aright angled triangle, 
In a parallelogram, the diagonals are equal, 
In a parallelogram, the diagonals intersect at right angles, 
If all angles of a quadrilateral are equal, it is a 
parallelogram, 

10. Every square is a rectangle. 

11. Every rectangle is a parallelogram. 

A trapezoid is a parallelogram. 

13. The sum of the interior angles of a quadrilateral is 1407. 


14. If the diagonals of a quadrilateral divide it into four 


triangles which are equal in area, then the quadrilateral 
must be a parallelogram. 


15. The three altitudes of an equilateral triangle are equal in 
length. 


16. The areas of the triangles having a common side are 
proportional to their altitude to the common side. 


17. If triangles of equal area have a common base, then their 


vertices must lie on a line parallel to the base. 


18. If P is any point in the interior of a rectangle ABCD, 


then Area(APAB) + Area(APCD) = Area(APBC) + Area 
(APDA). 


peter xe rne DIT HP a mn 
Ie. : Match the Columns. 


) av 
q > 
+ 

e "y " " P 

eee Ca mes uc 0 0 D 


DIRECTIONS: Each question contains statements given in 


two columns which have to be matched. Statements (A, B, C, D) 
in Column I have to be matched with statem 
column Il. 


MMC. ui. »—(JJAN9^ CD—"-- "ppp 

l. Inright triangle ABC, right angled at C, M is the mid-point 
of hypotenuse AB. C is joined to M and produced to a point 
D such that DM = CM. Point D is joined to point B. 


D A 


ents (p. q. r. s) in 


M, 
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Column I 


Column II 
(A) AAMC (p) congruent ABMD 
(B) ZDBC (q) a right angle 
(C) ADBC (r) congruent A4CB 
(D) CM (s) (1/2) AB 


2. In figure, ABC and BDE are two equilateral triangles such 


that D is the mid-point of BC. If AE intersects BC at F, match 
them correctly. 


A 





Column I Column II 
(A) ar(ABDE) ` (p) ar (ABC) 
(B) ar(ABDE) (q) Zar (ABAE) 
(C) ar(A ABC) (r) 2ar(ABEC) 
(D) ar(A BFE) (s) ar(AAFD) © 






eT RETO OTE eB AP Mosen jr rre 
P CY 7 SOUPS PM dogs A hod Neen NOT 
Aes eu. ý , 
bat giu Dy on 


i 
LO are age Mosi Cl a ree A pite As Ioa ve 
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DIRECTIONS: Give answer in one word or one sentence. 





1. ABC is a triangle. Locate a point in the interior of AABC 
which is equidistant from all the vertices of AABC. 

2.  Inatriangle locate a point in its interior which is equidistant 
from all the sides of the triangle. ! 

3. 


Find all the other three angles of a parallelogram, if one of 
its angles is given to be 

(i) 70? (ii) 135° (iii) 95°. 

4. D and E are points on sides AB and AC respectively 


` of AABC such that ar(ADBC) = ar(AEBC). Prove that 
DE || BC. 





T VM, PEUT TN SY RII ls wre us 


AV 4 X Sigh Papi" Io elas? iA) MON 
i Mama 5 po 9. acd G^ t a ‘ 
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DIRECTIONS: Give answer in 2-3 sentences, 





ABC is an isosceles triangle with AB = AC, AP LBC to 
Show that ZB = ZC, 


A 
B P.C 


ABCD is a square. X and Y are points on sides AD and BC 
respectively such that AY = BX. Prove that 


D C 
I4 
A B 


BY = AX and ZBAY = ZABX. 


In figure, AB = AC and S is any point on side AC. Prove 
that CS « BS. 


C 
LA 
A B 


In the adjoining figure, AB = AC. BM L AC and CN L 
AB 


Prove that BM = CN 


4 
LX 
B e 
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5.  Infigure, CQD = ZBQD and AD is the bisector of ZBAC. 


Prove that ACAQ = ABAQ and hence CQ = BQ. 
C 





6. In quadrilateral ACBD, AC = AD and AB bisects ZA (see 





(i) ADAP x AEBP 
(ii) AD=BE 


E D 
A P B 


figure). Show that AABC = AABD. What can yousayabout 10. If in figure, PQ = PT and ZTPS = ZQPR, prove that 


BC and BD? 
C 


A B 


D 


7. | AD and BC are equal perpendiculars to a line segment AB 


(See figure). Show that CD bisects AB. 






Dir? Ae 
8. In figure, AC = AE, AB= AD and ZBAD = ZEAC. 
‘Show that BC = DE. 






A 


B D C 


9, AB isa line segment and P is its mid-point. D and £ are 
points on the same side of AB such that ZBAD = ZABE 


and ZEPA = ZDPB. (Sec figure) Show that 


triangle PRS is isosceles. 


T - R Q . 
V 


l. In AABC, AD is the perpendicular bisector of BC. Show 


that AABC is an isosceles triangle in which AB = AC. 


/N 
B D C 


12. ABCisatriangle in which altitudes BE and CF to sides 4C 
and AB are equal. (See figure) Show that 
(i) AABE 2 AACF 
(i) AB = AC, i.e., AABC is an isosceles triangle. 


A 
LX 
B C 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


n 157 
TRIANGLES AND QUADRILATERALS 2 wmv MM erie itn dea annt tol te 


13. ABC and DBC are two isosceles triangles on the same D 


P 
base BC. (See figure) Show that ZABD = ZACD. X um 
A 


19. In figure PORS and ABRS are parallelograms and X is any 
point on side BR. Show that : 


D P A Q B 
14. In figure, AD L CD and BC L CD. If AS = BR and 
DR = CS, prove that ZDAS = ZCBR. 
A B X 
S > R 
C (i) ar (parallelogram PORS) = ar (parallelogram ABRS) 
R S 


l 
(ii) ar (AAXS) = > a (parallelogram PORS). 
15. Show that in a right angled triangle, the hypotenuse is the 
















longest side 20. In figure, E is any point on median AD of a AABC. Show 
that ar (AABE) = ar (AACE). 
16. Use the information given in figure to calculate the value A 
of x. 
: " / J | \ r 
17. ABCD is a trapezium in which AB || DC, BD is a diagonal 7b e angle of a e ari are in the ratio 2 : 3 : 7 : 6. Find 
and E is the mid-point of AD. A line is drawn through: E the measure of each angle of the quadrilateral. 
parallel to AB intersecting BC: at F Show that F is the . E m 
mibpomtofBC.. ^5 e Wty Long Answer Questions — 





DIRECTIONS: Give answer in four to five sentences. 


. X Infigure, ZBCD = ZADC and ZACB = ZBDA. Prove that 





, AD = BC and 2A = ZB. 
A B 
P 
18. P and Q are any two points lying on the sides DC and 
AD respectively of a parallelogram ABCD. Show that : 
ar (AAPB) = ar (ABQC). C D 
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2. / and mare two parallel lines intersected by another pairof 6. 
parallel lines p and q. Show that 
AABC = ACDA. 


ad q 





3. Inright triangle ABC, right angled at C, M is the mid-point 
of hypotenuse AB. C is joined to M and produced to a 
point D such that DM = CM. Point D is joined to point B. 
Show that: 

D A 


B 
(i) AAMC = ABMD 
(ii) ZDBC is a right angle. 
(iii) ADBC = AACB 


(iv) CM=— AB / 


Q 


4. Show that the angles of an equilateral triangle ABC are 60? ọ, 


each. i 
A 


B C 


S.  Inthe following figure, triangle ABC is right-angled at B. 
Given that AB = 9 cm, AC = 15 cm and D, E are the mid- 
points of AB and AC respectively. Calculate: 

A 


B e 


(i) The length of BC 
(ii) The area of AADE. 





Show that the line segments joining thé mid-points of the 
opposite sides of a quadrilateral bisect each other. 


ABC is a triangle right angled at C. A line through the 
mid-point M of hypotenuse AB and parallel to BC intersects 


AC at D. Show that 


A 
C B 


(i) Dis the mid-point of AC 

(ii) MD LAC 

(iii) CM = MA = 14B 

ABCD is a quadrilateral and BD is one of its diagonals 


as shown in the following figure. Show that quadrilateral 
ABCD is a parallelogram and find its area. 


Ds C 
A 3 B 


In figure, ABCD is a parallelogram, AE L DC and 
CF 1. AD. If AB = 16 cm, AE = 8 cm and CF = 10 cm, 


find AD. 
A] 
D E C 


In figure P is a point in the interior of a parallelogram 
ABCD. Show that 


(i) ar (APB) + ar (PCD) = = ar (ABCD) 


(ii) ar (APD) + ar (PBC) = ar (APB) + ar (PCD) 


A B 
[se i 
D C B 


(Hint : Through P, draw a line parallel to AB) 
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TRIANGLES ANO QUADRILATERALS M oL od Cc 


il. D,E and Fare respectively the mid-points of the sides BC, 


CA and AB of a A4BC. Show that : 
A 


D L 
(i) BDEF isa parallelogram 


l 
(ii) ar (ADEF) = 4 (AABC) 


l 
(ii) ar (BDEF) = ja (AABC). 


In figure, diagonals 4C and BD of quadrilateral 4BCD 
intersect at O such that OB = OD. If AB = CD, then show 
that : 


(i) ar (ADOC) = ar (A4OB) 
(ii) ar(ADCB) = ar (AACB) 
D A 
G B 
(iii) DA || CB or ABCD is a parallelogram. 
[Hint. From D and B, draw perpendiculars to AC.] 
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Ux». Mlini Choice Cuestion 


e 
DIRECTIONS: This section contains multiple choice questions. 


Each questions has 4 choices (a). (b), (c) and (d) out of w hich 
ONLY ONE is correct. ` 





1. Ifthe perpendiculars drawn from the mid-point on one side 
of a triangle to its other two sides are equal, then triangle 
is 
(a) Equilateral (b) Isosceles 
(c) Equi angular (d) Scalene 

2. Ina isosceles triangle AB = AC and BA is produced to D, 
such that AB = AD then ZBCD is j 
(a) 70° (b) 90° / 

(c) . 60° (d) 45° 

3. In ABC, BD L AC and CE L AB. 
at O, then ZBOC = 
(a ZA (b 90-4 
(c) 180-4 ZA (d) 180— ZA 

4. Ifthe three altitudes of a A are equal then triangle is 
(a) isosceles (b) equilateral 
(c) right angled (d) none . 

5. If Dis any point on the side BC of a AABC, then 
(a AB * BC * CA» 24D 
(b) AB+BC+CA<2AD > 
(c) AB+BC+ CA > 3AD . 

(d) None i 

6. Inaright angled triangle. One acute angle is double the other 
then the hypotenuse is 
(a) Equal to smallest side 
(b) Double the smallest side 
(c) Triple the smallest side 
(d) None of these 

7. Pand Qare the mid-points of the side AB - BC respectively 
of the triangle ABC, right angled at B. Then 
(a) AQ? + CP - AC? 

(b) AQ? + CP? = (4/5) AC? 
(c) AQ? + CP? = (4/3) AC?’ 
(d AQ? + CP? = (5/4) AC? 
8. Each angle of an equilateral triangle is 


If BD and CE intersect 


(a) 609 (b) 45° 
(c) 90? (d) 30? 
9. Ina triangle ABC, ZA + ZB = 144? and 
ZA + ZC7 124? then ZB = 
(a) 56? (b) 60? 
(c) 65? (d) 45? 
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10. Ina parallelogram ABCD diagonals AC and BD i intersects 
at O and AC = 12.8 cm and BD = 7. 6 cm, then the measure 
of gc and OD respectively equal to " 

(af 1.9 cm and 6.4 cm (b) 3. 8cmand 32 cm 
/Ac) 38cm.32cm (d) 6.4cmand 3.8 cm - 

u. ABCD is a rhombus with ZABC = 56°, then ZACD will 
be j 
(a), 56° ` (a) 124° 
(c) 62° (d) 34° 

12. LMNO is a trapezium with LM || NO. If P and Q are the 
mid-points of LO and MN respectively and LM = 5 cm and 


ON = 10 cm then PQ = 
(a) 2.5 cm (b) 5cm 
(c) 7.5cem (d). 15 cm 


13. In the adjoining figure, AP and BP are angle bisector of 
. £A and ZB which meets at P on the parallelogram ABCD. 
Then 2 ZAPB = 


A D 
IS 
[A 
B E 
(a) ZC-*ZD (b) ZA+ZC 
(c) ZB+ZD (d 2ZC 


14. In the figure ABCD, the angles x and y are 


D C 





A B 
(a) 60°, 30° (b) 30°, 60° 
(c) 45°, 45° (d) 90°, 90° 


15. Quadrilateral whose four sides are equal but angles are not 


equal is 


(a)! square (b) quadrilateral 


(c) rectangle (d) parallelogram 
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17. 


19. 


20. 





“{e) 5:8 
18. 


LES AND QUADRILATERALS 5 (oe st : 


: the 


(a) sum of the squares of the sides of the quadrilateral is: 


equal to the sum of the squares of its diagonals. 


perimeter of the quadrilateral is equal to the sum of 
the diagonals 


(b) 


(c) perimeter of the quadrilateral is less than the sum of 
the diagonals 


perimeter of the quadrilateral is greater than the sum 
of the diagonals 


(d) 


In A4BC if D is a point in BC and divides it in the ratio 
3:5 then ar (AADC): ar (AABC) = 

(a) 345 (b) 3:8 

(d) 8:3 


Sides AB and AC of triangle ABC are trisected at D and E then 


AADE and trapezium DECB have their areas in the ratio 
of 


(a) 1:4 - (b) 1:8 
(c) 1:9 (d) 1:2 


X and Y are respectively two points on the sides DC and AD 
of the parallelogram . ABCD. The area of A4BX is inh to 


(a) 1/3 x area of ABYC 


(b) area of ABYC 
(c) 1/2 x areaof ABYC 
(d 2*xareaofABYC . — x 


The base BC of triangle ABC is divided at D so x nat 
BD - Lpc.Area of AABD= 
2 


(a) 1/3 of the area uf AABC | 


(b) 1/2 of the area of AABC 
(c) 1/4 of the area of AABC 
(d) 1/6 of the area of AABC 


e a 





DIRECTIONS: This section <= multiple choice questions. 
Each question has 4 choices (a), (b), (c) and (d) out of which 
ONE OR MORE may be correct. 


le 


Which of the following is/are correct? 


(a) If two sides of a triangle are unequal, the larger side 
has the greater angle opposite to it. 


(b) The sum of any two sides of a triangle is greater than 
its third side. 


(c) Ifall the line segments that can be drawn to a given 
line from an external point, the perpendicular line 


segment is the shortest. 
(d) 


If all the three sides of a triangle are equal, it is called 
a scalene triangle. 





TP iac e ' ‘i S y i i N NA M TA bd dida ASH VP VIT Werke 7 
16. ABCD is quadrilateral. If AC and BD are its diagonals then 


2. 


3. 


4. 


Win 


Find the incorrect statements. e 


(a) A trapezium is a quadrilateral, having one pair of 
opposite sides parallel. 


(b) 


A parallelogram is à quadrilateral with both pairs of 
opposite sides parallel. 


^. 


(c) Arhombus is a quadrilateral, whose all the sides are 
equal and each angle is 90°. 


(d) Asquare is a quadrilateral, whose all sides are equal 

Which of fhe fo! following is/are not false? 

(a) A diagonal of a parallelogram divides it in two 
; “congruent triangles. ` 

(b) | The opposite sides of a parallelogranr'are equal. 

(c) The diagonals of.a parallelogram never bisect each 

other. ^ J 

The opposite angles of a parallelogram are 

complementary. 

Choose the correct [statements among the following given 

-options. 

(à). Area ofa a parallelogram is the nenii ofany of its 
sides and the corresponding altitude. . 


(b) The area of a trianlge is half the product of any of its 
sides and the corresponding altitude. it, ~ 


(c) The area of a trapezium is half the product of its height 
and the sum of the parallel sides. 


(d) A diagonal of a parallelogram divides it into two 
ee of distinct areas. ‘ | 


m 


(xS 


= 





DIRECTIONS: Study the given paragraph(s) and answer'the 
following questions. i 





In the adjoining figure, DE || BC and AD: DB=4:3 . 





Value of Cad is 
AB 


3 4 

bl Bb oe 
(a) = 0) 

4 ý j 
(c) q (d) | none of these 
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Value of —— is 
(a) - b 
7 (b = 
3 
(c) x (d) none of these 
area (ADEF) _ 
area (ADEC) 
11 4 
(a) 4 (b) 7 
4 
(c) m (d) none of these 


L VOTES TTTTEPPEPERT qox qao wem eem rro rh oer <3 
à i 
A ur ja 
te +o PORES caalia et ee à 


— I Á——sins I$ n Ó i ó —] — ——Ü 
DIRECTIONS: Each of these questions contains an Assertion 


woa J E 


followed by reason. Read them carefully and answer the question 
on the basis of following options. You have to select the one that 
best describes the two statements. 





(a) 


If both Assertion and Reason are correct and Reason is 
the correct explanation of Assertion. 


If both Assertion and Reason are correct, but Reason is 
not the correct explanation of Assertion. 


lf Assertion is correct but Reason is incorrect. 

If Assertion is incorrect but Reason is correct. 
Assertion : If the angles of a quadrilateral are in the ratio 
2:3:7:6,then the measure of angles are 40° 60°,140°,120° 
respectively. a 
Reason : The sum of the angles of a quadrilateral is 360°. 


Assertion : If the base and the altitude of a triangle are — 


4 cm and 8 cm respectively, then its area is 36 cm?. 


Reason : Area of a triangle - x base x altitude. 


Assertion : If the diagonals of a parallelogram ABCD are 
equal, then ZABC = 90°. 


Reason : If the diagonals of a parallelogram are equal, it 
becomes a rectangle. 

Assertion : If ABC = POR and area (AABC) = 
then area (APQR) = 20 sq. units. 

Reason : Two congruent figures have equal areas. 


10 sq. units, 


Assertion : 
triangles. 
Reason : Diagonal of a parallelogram divides it into two 
congruent triangles. 


A parallelogram consists of two congruent 


VARI Srt HRS nn am er 


ec Wt mttletion a} 


| 


KE Os Sujectüe Questions: 





DIRECTIONS: Answer the following questions, 





x 


a 


A point P is taken inside an equilateral four-sided figure 
ABCD such that its distances from the vertices D and B 
are equal. Show that AP and PC are in one and the same 
straight line. 


Ma 


| Rd 


Two sides 4B and BC and median 4M i: one triangle ABC 
are respectively equal to sides PO and QR and median PN 
of APQR (See figure). Show that : 


(i) AABM= a (ii) A4BC=APOR 


PQ and RM are two ws lines and a transversal / 
intersects PQ at X and RM at Y. Bisector XS of ZPXY. 
bisector YS of ZXYR meet at point S. Bisector XT of 


Z QXY and bisector YT of ZXYM meet at point T. Prove 
that the bisectors of the interior angles form a rectangle. 
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TRIANGLES AND: QUADRILATERALS CH lb dpa MET rcl Mni s cs ABRE U MCA cette 
4. In triangle ABC, points M and M on sides AB and ' A 
| 
AC respectively are taken so that ame i and R 
Í l 
N =—AC. Prove that MN =— BC 

A 1 4 P 
5. If E, F, G and H are respectively the mid-points of 

the sides of a parallelogram ABCD, show that ar (EFGH) 

= Zar (ABCD). É Q 


6. P and Q are respectively the mid-points of sides AB and 
BC of a triangle ABC and R is the mid-point of AP. Show 
that : 


(i) ar(APRQ)= = ar(AARC) 


(ii) ar (ARQC) = = ar (AABC) 
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EXERCISE - I. 
FILL IN THE BLANKS 


1. AB 2. AB 

3. Equal 4. Congruent 

S. larger 6. third u 

T. Isosceles 8. right angle triangle- 

9. parallelogram. 10. rectangle ` E 
11. Parallel 12. Areas 

13. Equal 14. Corresponding altitude 
15. Two- — 
TRUE/FALSE - 

L- Tme- 2. ‘True 3. True 4. False 
S. True 6. True T. False — 8. .False 
9. Tmne 10. True 11. True 12. False 
13. False 14. True 15. True 16. False 
17. True 18. True A 


MATCH THE COLUMNS 


i- 


(A) > p; (B) > q; (C) 5 5 (D)>s 


2. (A)> p; (B) q; (C) >r; (D) 5s 
VERY SHORT ANSWER QUESTIONS 


1. 


2. 


Construct the perpendicular bisectors of two sides of ABC. 
Their point of intersection is the required point. 


Draw the angle bisectors of any two angles off the triangle. 
Their point of intersection is the required poiht. 
(i) 1109, 702, 110? (ii) 45?,1359,45? , 
(iii) 85°, 95°, 85? 
Since, ADBC and AEBC aren the same base BC and have 
equal areas. |... ^ 

Their altitudes must be the same. 

DE || BC. 


SHORT ANSWER QUESTIONS 


In right triangle APB and right triangle APC, 
Given Hyp. AB = Hyp. AC 
AP = AP 

AAPB = AAPC 
-—. LABP= ZACP 
=> ZB-ZC. 
In right triangles BAY and ABX, 
Given that 

Hyp. AY - Hyp. BX 


(Common) : 
(RHS Rule) 
(C.PCT.) 





^v ajar be. m SPE viar Den ? digo E ai ; 


AB = AB. — (Common) 
ABAY = AABX (R.H.S. Axiom) 
-. BY=AX 
and ZBAY= ZABX. (C.P.C.T.) 
In AABC, 
AB —- AC (Given) 
ZACB = ZABC si) 
( Angles opposite to equal sides of a triangle) 
- ZACB> ZCBS 


BS» CS (Side opposite to greater angle is longer) 
CS < BS 


. .In A4BC, AB - AC (given) 


^ ZABC = ZACB (angles opposite equal sides are equal) - 
In As BCM and BCN, ZN= ZM (each -90?) . 
ZABC = ZACB (from above) 


BC=BC . (common) 
ABCM =ACBN (A.A.S. axiom of congruency) 
=> BM=CN (CPC) 


Since, AD is the bisector of ZBAC therefore, 
in ACAQ and ABAQ, 
ZCAQ = ZBAQ 
Given that ZCQD = ZBQD (Given) 
=> 180?- Z€QD= 180° — ZBOD 
= ZAQC- ZAQB (Common) 


AQ=AQ (ASA Axiom) 
ACAQZABAQ (C.P.C.T.) 

^. CQ=BO ] 

In A4BC and AABD, 

Given AC = AD 

AB = AB (Common) 

Since, AB bisects angle A 

^. ZCAB = ZDAB 

Thus, AABC = AABD (SAS Rule) 

BC = BD V (CPCT) 

From AOAD and AOBC we have given 

AD = BC 

ZOAD = ZOBC (Each = 90°) 

ZAOD = ZBOC (Vertically Opposite Angles) 


By AAS rule AOAD = AOBC 

By CPCT, OA = OB 
Thus CD bisects AB. 
In AABC and AADE, 
Given AB - AD. 

AC 7» AE 
and ZBAD = ZEAC 
=> ZB4D* ZDAC= ZDAC + ZEAC 
. (Adding ZDAC to both sides) 
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= ZBAC=ZDAE 14. DR=CS 
^ By SAS rule => DR+RO=CS+RS  ..(l) 
AABC = AADE 
=> DS=CR 
= BC=DE. (CPCT) 


9. (i) Since, P is the mid-point of the line segment AB 
^. from ADAP and AEBP, 


AP = BP 
Also, given ZDAP - ZEBP and 
ZEPA = ZDPB 
Adding ZEPD to both sides 15. 


=> ZEPA+ ZEPD= ZEPD+ ZDPB 
= ZAPD= ZBPE i 
Thus, by ASA rule 
<. ADAP=AEBP `- 
(ii) Since, ADAP x AEBP ` (From above) 
- AD = BE (CPCT) 
10. From APQT, we have given 
PQ = PT 
Since, Angles opposite to equal sides 
ZPTQ = ZPQT EL) 
Now, In APST and APRQ. 
We have 
PT-7 PQ and ZTPS= ZQPR 
<. From (1) 
ZPTQ = ZPQT 
= ZPTS=ZPOR 


APST=APRQ (ASA Axiom) | . 16. 


and by C.P.C.T 
PS = PR 
=> APRS is isosceles. 
11. AADB and AADC gives us that 
ZADB = ZADC (Each = 90°) 
(^ AD is the perpendicular bisector of BC) 
.DB = DC 
AD = AD (Common) 
AADB = AADC (By SAS Rule) 
AB - AC (C PEC.D 
Hence proved. 
12. (i) In AABE and AACF, we have given 
BE-CF 


ZBAE = ZCAF (Common) | 18. 


ZAEB - ZAFC (Each = 90°) 
^. AABE = AACF. (By AAS Rule) - 

(ii) From (i) AABE = AACF | 
^ AB- AC (CPCT) 
.. AABC is an isosceles triangle. 

13. Since AABC is an isosceles triangle on the base BC 

ZABC = ZACB Kl) 

Similarly, ADBC is an also isosceles triangle on the base 

BC. , 

' ZDBC*-ZDCB (2) 

Adding the corresponding sides of (1) and (2), we get 
ZABC + ZDBC = ZACB + ZDCB 

=> ZABD= ZACD. 


17. 


19. 


[n right triangles ADS and BCR, 

Hyp. AS = Hyp. BR 

DS=CR 

AADS=ABCR — (R.H.S. Axiom) 

ZDAS= ZCBR. (C.P.C.T.) 
Let POR be a right angled triangle in which ZQ = 90° 
Then, ZP + ZR=90° (By angle sum property) 

ZQ 7 ZP * ZR 
=> £0>2P 

P 


Q R 

and ZO> ZR 

PR > QR (° Side opposite to greater angle is longer) 
Similarly PR > PQ 

PR is the longest side, i.e., hypotenuse is the longest 

side. 7 
Since, EAB is a straight line 

. ZDAE + ZDAB= 180? 

=> 73°+ ZDAB= 180° 
i.e., ZDAB = 180? - 73° = 107° 
Since, the sum of the angles of quadrilateral ABCD is 
360° 

107° + 105° + x + 80° = 360° 
=> 292° + x= 360° 
and x= 360° — 292° = 68° 
Let DB intersect EF at G. i.e. - G is the mid-point of BD. 
Since, E is the mid-point of DA and EG || AB. Hence, G is 
the mid-point of DB. (By converse of mid-point theorem) 
Similarly, now G is the mid-point of BD and GF || AB || 
DC by converse of mid-point theroem, F is the mid-point 
of BC. 
Since, AAPB and || gm ABCD are on the same base AB and 
between the same parallels line AB and DC. 


l 
ar (APB) = 2 ar (ABCD) (1l) 


Similarly, ABCQ and || gm ABCD have the same base and 
between same parallel lines. 


l 
' ar(BCQ) = 3 ar (ABCD) (ll) 


From (i) and (ii), we get ar (APB) = ar (BCQ) 
(i) ar (PQRS) = ar (ABRS) wet) 
(° Parallelograms PORS and ABRS are on the same 
, base SR and between the same parallels SR and PB.) 


l 
(ii) ar (AXS) = 5 ar (ABRS) att) 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


20. Since, AD is a median in AABC which divides it into two 


21. 


= ag? > 


and between the same parallels AS and RB) 


l 
From (1) and (2), we get, ar (AXS) = > ar (PORS). 


triangles of equal areas. 
ar (AABD) = ar (AACD) a) 
Similarly, ar(AEBD) - a(AECD) ....(2) 
(^ ED is a median in AEBC) ` 
Subtracting (2) from (1), we get 
ar (AABD) — ar(AEBD) = ar(A4CD) — ar(AECD) 
=  ar(AABE) — ar(AACE). 
Let the measure of the angles of the given quadrilateral be 
(2x)°, (3x)°, (7x)°, (6x)? respectively. 
Then, 2x + 3x + 7x + 6x = 360 
[5s The sum of the angles of a quadrilateral is 360°] 
=> 18&=360 > x = 20 
" First angle = (2x)? = (2 x 20)° = 40° 
Second angle = (3x)° = (3 x 20)° = 60° 
Third angle = (7x)? = (7 x 20)° = 140? 
Fourth angle = (6x)? = (6 x 20)? = 120° 


LONG ANSWER QUESTIONS 
1. In AAPC and ABPD, 
ZACP = ZBDP (Given) 
ZAPC = ZBPD (Vertically Opposite Angles) 


Since, ABCD is ||gm 


Third ZA = Third ZB 
("^ The sum of the three angles of a A is 180°) 
In AACD and ABDC, 


CD - CD (Common) 
ZA = ZB (Prove above) 
ZBCD = ZADC (Given) 
ZACB = ZBDA (Given) 
Adding, we get 
ZBCD + ZACB= “ADC + ZBDA 
=> ACD=BDC 
AACD = ABDC (ASS. Axiom) 
AD = BC (CBET) 


Since, / and m and p and q are parallel lines therefore 
AB || DC and AD || BC 
Quadrilateral ABCD is a parallelogram. 


(*^ A quadrilateral is a parallelogram if both the pairs of 


opposite sides are parallel) 


BC=AD aki) 

and AB = CD (2) 
(Opposite sides of a || gm are equal) 

and ZABC= ZCDA  ...(3) 


(Opposite angles of a || gm are equal) 
Thus, In A4BC and ACDA we get 


AB = CD (From (2)) 
BC = DA (From (1)) 
ZABC - ZCDA (From (3)) 
AABC=ACDA (SAS Rule) 


eo m 
3 , T “ OG le: 


(~ AAXS and ||gm ABRS are on the same base AS 3. 


Mathematics 


(i) Sicne, M is the mid-point of the hypotenuse 4p 
therefore, in AAMC and ABMD, we have 


AM=BM 
CM= DM (Given) 
ZAMC= ZBMD (Vertically Opposite Angles) 
<». AAMC=ABMD. (SAS Rule) 
(ii) Since AAMC = ABMD (From (i) above) 
~. ZACM-7 ZBDM (CPCT) 
But these are alternate interior angles and they are 
equal 
-. AC || BD 


Now, We have a transversal BC intersects AC and 
BD and AC || BD - 
-. ZDBC + ZACB = 180° 
(°t The sum of the consecutive interior angles on the 
same side of the transversal is 180°) 
=> ZDBC+90°=180° (- ACB = 90? (given)) 
=> ZDBCisa right angle. 
(iii) Now, from ADBC and AACB, we have 
ZDBC = ZACB (each = 90?) (From (1i)) 


BC-CB (Common) 
~. AAMC=ABMD (From.(i)) 

AC = BD (CPCT) 
So, from SAS rule, 
ADBC = AACB. 

(iv) Since, ADBC = AACB (From (iii)) 
.. DC=AB (CPCT) 
l 
Now, DM = CM = 2 DC 
=> 2 CM - AB 
l 

> CM= 3 AB. 


Since, ABC is an equilateral triangle. 
<. All the three sides are equal 


ie. AB=BC=CA az T) 
Consider AB = BC 
=> LA=ZC me A 


(Angles opposite to equal sides of a triangle are equal) 
Consider BC = CA 
MA ZA ZB ex) 
(Angles opposite to equal sides of a triangles are equal) 
From (2) and (3), we obtain " 

ZA= ZB = £C (d) 
Also, In AABC, 

ZA + ZB * ZC 180° ....(5) 

(By angle sum property) 

Let LA =°, Then, 2B= ZC=)° From (4) 
^. From (5), 

y^ + y* + y? = 180° 

3y? = 180° => y? = 60? 
=> ZA= ZB= ZC =60°. 
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5. (i) InAABC, Which is right angled at B, we have 


BC? = AC? - AB? 
- (15? - (9? = 225 - 8 
= 144 ! 
=>  BC-4144 - 12cm. 
(ii) Since, D and E are the mid-points of AB and AC 
respectively in A4BC 
^. DE|| BC 


l l 
and DE =—BC =—(12)= 
2 7 2)=6cm 


x =—AB=— => 
AD = BD 5 = (9) : cm 


"* DE || BC and AB intersects them 

^ ZADE = ZABC=90° (Corresponding Zs) 
= AADE is a right angled triangle 

-. Area of AADE 
(ADXDE) 9 6 27 


=L, -13.5cm. 
2 2 3 





Given : P, Q, R and S are the mid-points of the sides DC, 8. 


CB, BA and AD respectively in a quadrilateral 
ABCD. | 

To prove : PR and QS bisect each other. 

Construction : Join PQ, QR, RS, SP, AC and BD. 

Proof : 





Since, R and Qare the mid-points of AB and BC respectively. 
in AABC 


l 
RỌ || AC and RQ = 2 AC 


Similarly, P and S are the mid-points of 4D and DC 
respectively ~: we have . 


1 
PS || AC and PS= > AC 


RỌ || PS and RQ = PS. 
Thus a pair of opposite sides of a quadrilateral PORS are 
parallel and equal. 
Quadrilateral PORS is a parallelogram. 
Since the diagonals of a parallelogram bisect each other. 
PR and QS bisect each other. | 
(i) In AACB, since, M is the mid-point of AB and 
MD || BC. 
<. D is the mid-point of AC. 


(By converse of mid-point theorem) ` 


10. 


_ 
o 
Jl 


td. zr. án. 


(ii) .. ZADM= ZACB (Corresponding angles) 
(*- MD || BC and AC intersects them) 
But we have given ZACB = 90° 
—. ZADM = 90? => MD L AC 
(iii) Now, ZADM * ZCDM - 180* 
(Linear Pair Axiom) 
^. ZADM = ZCDM = 90° 
In A4DM and ACDM, in which 
AD = CD (- D is the mid-point of AC) 
ZADM= ZCDM (Each measures 90°) 
DM= DM (Common) 
- AADM=ACDM (SAS Rule) 
MA = MC (PE TJ 
But we know M is the mid-point of 4B 


l 
MA=MB= > AB 


| 
MA=MC= 5 AB 


=> CM=MA= ; AB. 
From the figure it is clear that 
ZCDB = ZABD = 90° 
But these angles form a pair of alternate equal angles. 
-  DC||AB 
Also, DC = AB = 3 units (From figure) 
Now, we know that A quadrilateral is a parallelogram if a 
pair of opposite sides is parallel and is of equal length. 
^... Quadrilateral ABCD is a parallelogram. 
Now, area of the || gm ABCD 
Base x Corresponding altitude 
AB x BD 
3 x 4 square units (*^ AB = 3, BD = 4) 
12 square units 
Since, ABCD is a parallelogram in which AB || DC 
- AB=DC 
= Base DC = 16 cm 
Height AE = 8 cm. (Given) 
Area of || gm = Base x Corresponding Altitude 
Area of || gm ABCD 
= DC x AE = 16 x 8 = 128 cm? (1) 
Again by considering AD as the base and height as 
CF = 10 cm. 
.. Area of || gm ABCD = AD x CF 
| = AD x 10 = 10 AD. cm? 
Clearly 10. 4D = 128 (By using (1)) 


= Pie 12.8 cm. 
10 


Draw a line through P parallel to DC which meets AD at Q 
and BC at R. 

Since AAPB and parallelogram ABRQ have the same 
base line AB and between the same parallels line AB 
and QR. 


l 
ar (AAPB) = > a (|| gm ABRQ) watt) 
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Similarly, 


APCD and |lgm DCRQ have the same base DC and 
between the same parallel lines DC and QR. 


l 
ar (APCD) = 2 ar (|| gm DCRQ) (d) 
From (1) and (2), we get, ar (A4PB) * ar (APCD) 


ar (|| gm ABRQ) + ; ar (|| gm DCRQ) 


N| — 


Hence, ar (AAPB) + ar (APCD) = | ar (|| gm ABCD) 
2 


(ii) Similarly, ar (AAPD) + ar (APBC) 
l 
= s ar (|| gm ABCD) 
Hence, ar (AAPB) + ar (APCD) 
= ar (AAPD) + ar (PBC) 
EF | BC ! 
(7 In a triangle ABC, the line segment FE joining the 
mid-points F and E of two sides AB and AC is paral- 
lel to the third side.) 
=> EF||BD (*- BD is the part of BC) i 
Similarly, the line segment ED, joining the mid- 
points E and D of two sides CA and CB is || to the 
3rd side. 
-. ED || BF e) 
From (1) and (2), 
BDEF isa parallelogram. 
(ii) From (i), we can have 
AFDE and FDCE are parallelograms. 


11. (i) 


Now, ar (AFBD) 7 ar (ADEF) (3) 
(^^ FD is a diagonal of ||gm BDEF.) 

Similarly, ar (ADEF) = ar (AFAE) (4) 
and, ar (ADEF) = ar (ADCE) s) 


From (3), (4) and (5), we have 
-ar (AFBD) = ar (ADEF) = ar (AFAE) 


= ar (ADCE) (6) 
Since, AABC is divided into ‘four triangles AFBD, 
ADEF, AFAE and ADCE. 


^. ar (AABC) = ar (AFBD) + ar (ADEF) + ar (AFAE) 


+ ar (ADCE) = 4 ar (ADEF) [From (6)] 
= ar (ADEF) = ar (AABC) Mich 
(iii) Consider ar (BDEF) 
= ar (AFBD) + ar (ADEF) 
= ar (ADEF) + ar (ADEF) [From (3)] 
= 2 ar (ADEF) 
[ From (7)] 
-2. 7 ar (AABC) 
= Lar (AABC) 





C 
(i) 


(i) 


(ii) 


B 


Draw DE L AC and BF L AC 

In AADB, AO is a median 

/. ar (AMOD) = ar (AAOB) (1) 

(^ A median of a triangle divides it into two trian- 
gles of equal areas) 

Similarly, in ACBD, CO is a median. 

^. ar (ACOD) = ar (ACOB) "M PA 

Adding (1) and (2), we get 

ar (A4OD) + ar (ACOD) = ar (AAOB).+ ar (ACOB) 
= ar (AACD) = ar (AACB) 


= (AC)(DE) _ (AC)(BF) 


2 2 
S PENN ae Base x Corresponding anade) 

; 2 y 
— DE-BF (3) d 
In right As DEC and BFA, 

Hyp. DC = Hyp. BA 
DE = BF ( From (3)) 

^. ADEC = ABFA (R.H.S. Rule) 
^ DCE = ZBAF (CECE) 


But these angles form a pair of equal alternate inte- 
rior angles. 


-. DC || AB (4) 
Since, DC - AB and DC || AB 
^. ABCD isa parallelogram 


psi A quadrilateral is a parallelogram if a pair of 
Opposite sides is parallel and equal) 


^. DA || CB 

(- Opposite sides of a gm are parallel) 
Since, ABCD isa || gm 

^. OC=OA ona) 


ar (ADOC) = OCx DE 
2 
ar (AAOB) = OAx BE 
2 


ar (ADOC) = ar (AAOB). 

(^ DE=BFand OC = OA) 

ar (ADOC) = ar (A4OB) 

=> ar (ADOC) + ar (AOCB) 
= ar (AAOB) + ar (AOCB) 

(Adding same areas on both sides) 

=> ar (ADCB) = ar (AACB). 


[From (i)] 
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EXERCISE - 2 


MULTIPLE CHOICE QUESTIONS 


1. (b) 2 (ob) 3 (d) 
5. (a) — 6. ©) 7. (d) 
9. (a) 10. (d 1L (o 
13. (a) 14. (a) 15. (b) 
YT. (c) 18. (a) 19. (b) 
MORE THAN ONE CORRECT 
1l. (abl) 2. (c,d) (a, b) 
PASSAGE BASED QUESTIONS 
1. (b) 2. (a) 3. 
ASSERTION & REASON 
1. (a) 2. (d 3. 4. (d) 
HOTS SUBJECTIVE QUESTIONS 
1. In A4PD and AAPB, we have 

AD = AB 

AP = AP (Common) 

and given 

` PD- PB 

-. By SSS rule 

AAPD = AAPB 

Zl) Z2 (C.P.C.T) 
Similarly, ADPC = ABPC 
Z3- Z4 (C.P.C.T.) 





But Z1-4 22+ 23 + Z4- 360* 


(** Sum of all the angles round a point = 360°) 
(^ Z1= 22 and 23 = Z4) 


Y UY 


(ii) 


222 +223 = 360° 


£2 + Z3 = 180° 

AP and PC are in one and the same straight line 
(Linear Pair Axiom) 

In AABM and APON 

AB=PQ (1) 

AM 7 PN ..(2) (Given) 

and BC - QR (Given) 

Since, M and N are the mid-points of BC and QR 

respectively 

`. 2BM = 20N 

=> BM=QN maka) 

From, (1), (2) and (3) 

AABM = APQN (SSS Rule) 

From (i) part AABM = APQN 

^4 By CPC. 

ZABM - ZPQN 


— ZABC - ZPQR 


AB - PQ 


(4) 
Now, in A4BC and APQR, we have given 


4. 


(b) 
(a) 
(c) 
(d) 
(a) 


(a, b, c) 


^ 


» 
and BC - QR 
”. From (4), we have ZABC = ZPQR 
-. AABC = APQR. (SAS Rule) 


Since PQ || RM and EF intersects them 
ZOXY = ZRYX (Alternate angles) 


- ;49n- = £RYX 


=> Z1=23 
But these angles form a pair of equal alternate angles for 
lines XT and SY and a transversal XY. 


XT = SY wilt) 
Similarly, we can have 
SX || YT ud) 


From (1) and (2), “and fact that a quadrilateral is a 
parallelogram if both pairs of its opposite sides are parallel 
SYTX is a parallelogram 

Now, ZOXY + ZMYX = 180° 

(Consecutive interior angles) 


5 = ZOXY + - ZMYX = 90° 


=> Z1+22=90° 

But Z1 + Z2 + ZXTY= 180° 
(Angle sum property of a A) 

=> 90°+ ZXTY= 180? 

=>  ZXTY-90? 

=> ZYSX=90° 

and ZSXT=90 

("- Consecutive interior angles are supplementary) 
Now, ZSXT = 90° 

=> ZSYT=90° 

(Opposite angles of a ||gm are equal) 


Thus each angle of the parallelogram SYTX is 90°. Hence 
parallelogram SYTX is a rectangle. 


A 


M] NN 


E 


B C 
We construct a line EF where E and F are the middle points 
of AB and AC respectively. 
EF || BC and EF =—BC "— (1) 
(*- E and F are mid points) 
Now, AE =~ AB and AM =< AB 


AM AE 
2 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


170 


Similarly. AN = lar 
2 


= Mand N are the mid-points of AE and AF respectively. 


MN || EF and 
MN ~EF =3(542) | 
242 
[From (1)] 
-lBc 
4 


Since, F and G are the mid-points of BC and DC 
respectively in AABCD. 


-. FG || BD (l1) 

(~ In a triangle, the line segment joining the mid-points 
of any two sides is parallel to the third side. 

Similarly, EH || BD SR ea 


(E and H are the mid-points of 4B an AD respectively in 
ABAD of side) l 


From (1) and (2), | 
EH || BD adi 
Similarly, we can show that 

EF || HG (4) 


From (3) and (4), 

Quadrilateral EFGH is a parallelogram 

Again FO || BA 

(^^ F is the mid-point of CB and O is the mid-point of 
CA) . 

= FO||CG 9) 

(° BA || CD) (opposite sides of a parallelogram are 


. parallel) 


-. BA || CG and FO - BA 
l 


=e (By Defn of || gm) 
=CG ...(6) 
(+ Gis the mid-point of CD) 
From (5) and (6), 
Quadrilateral OFCG is a parallelogram 
-. OP- PC 


('- Diagonals of a || gm bisect each other) 
ar(AOPF) = ar(ACDF) 


Similarly, ar(AOQF) = ar(ABQF) 
[^ AOPF and ACPF have equal bases (** OP = PC) and 
have a common vertex F *. Their altitudes are also the 


same] 





ELEN. T OI PC orm 


Adding, we get 


ar (AOPF) + ar (AOQF) = ar (ACPF) *ar (ABQF) 

ar (llgm OQFP) = ar (ACPF) + ar (ABQF) ...(7) 
Similarly, 

ar (||gm OPGS) = ar (AGPC) + ar (ADSG)  ...(8) 

ar (llgm OSHR) = ar (ADSH) + ar (AHAR)_ ...(9) 

ar (lgm OREQ) = ar (AARE) + ar (AEQB)  ..(10) 
Adding (7), (8), (9) and (10), we get 

ar (llgm EFGH) = {ar (ACPF) + ar (AGPC)} + {ar (ADSG) 
+ ar (ADSH)} + {ar (AHAR) + ar (ABQF) + ar (AEQB)} 
= ar (AECG) + ar (AGDH) + ar (AHAE) + ar (AEBF) 


= jar (|| gm ABCD) 


We join AQ and CP. 
(i) ar(APRQ)=ar(AARQ) | 
l 


ar (AAPQ) = : ar (ABPQ) 


ar (AABC) NE RA 
From (1) and (2), we have, ar(APRQ) . 


: ar (AARC) 
(ii) ar(ARQC)- ar (ARBQ) 

= ar (APRQ) + ar (ABPQ) 

T Lar (AABC) + - ar (APBC) [Using(1)] 

l 11 
= — AAB —.— 
= ar ( e ^" pk. 

= ` ar (AABC) + : ar (A4BC) = = ar (AABC) 

(iii) ar (APBQ) = n ar(A4BC) ... (3) [From (ii)] 


ar (AARC) = E ar (A4BC) 
From (3) and (4), ar (APBQ) = ar (AARC). 
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INTRODUCTION 


See the dial of a clock. You might have observed that the seconds hand 
goes round the dial of the clock rapidly and its tip moves in a round path. 
This traced path by the tip of the second s hand is called a circle. In this 
chapter, you will study about circles, terms related to circles and properties 
of circles and some theorem related to circles. 
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CIRCLE 


Circle is a set of point or collection of point in a plane which are at a fixed distance 
from a fixed point. The fixed point is called the centre of the circle. In the given diagram 


‘O’ is the centre of the circle. The fixed distance is called the radius. In the diagram, 
OP is the radius of the circle. 


Edges of the round shaped objects such as wheel of a vehicle, five € coin etc are some 
examples of circles. A circle divides the plane in which it lies into three parts. 

These three parts are | 

(i) Inside the circle which is called ittterior of the circle. 

(ii) Circle 


(ili) Outside the circle or the exterior of the circle. 





Chord 


A line segment whose end points lie on the circle is called a chord of the circle. In the 


given diagram AB is a chord. 
A B 
Diameter 
A chord which passes through the centre of the circle is called the diameter of the circle. 
The length of the diameter is twice the length of the radius. In the given diagram, PO is the A B 
| O 


diameter. 


Note that the diameter is the longest chord of the circle. 


i 


Arcs and Semicircle 


If any two points on the circle divides the circle into two unequal parts. The smaller part is called minor arc and the lsreer pet i 
called major arc. Arc of a circle is denoted by ‘^’. In the diagram PQ is arc. 


(i) PQ is the minor arc (ii) PQ is the major arc 
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The arrow mark on the arcs show the direction in which we read the arcs. In the figure (i), Semicircle | 


PQ is the minor arc and QP is the major arc. In the figure (ii), PQ is the major arc and OP 


is the minor arc.’ 


If two points on the circle divide the circle in two equal parts, then each part is called a semi 





circle. 


In other words, 


A diameter of the circle divides the circle into two equal parts. Each part is called as semi “nonsense l 
circle. | 


Circumference 


The length of the complete circle is called its circumference. 


If a circular wire cut at a point and then re-open as a straight piece of wire. The length of this straight piece of wire is the circumference 


of the circular wire. 


Segment 


Thel region between a chord and either of its two arcs is called a segment of the circle. 
| . à P ; 
It is of two types major segment and minor segment if chord does not pass through the 


centre. Major segment is the segment in which centre of the circle lies. Minor segment 


is the segment in which centre does not lies. 


Sector 


The region between an arc and the two radii, joining the centre to the end points of the 


arc is called a sector. Sector corresponds to the minor arc is called minor sector and 


the sector corresponding to the major arc is called major sector. 





CENTRAL ANGLE - ANGLE SUBTENDED BY AN ARC OR CHORD AT THE CENTRE 


An angle formed, by an arc of a circle at the centre of the circle is called the central 
angle. In the given diagram 2A OB is the central angle made by the minor arc AB. 


In the given figure the angle subtended by the minor arc AB at the centre O of the circle is 


nS 
& 


ZAOB and the angle subtended by the major arc AB at the centre O of the circle is reflex 


ZAOB. 
Reflex angle 
Angle subtended by minor arc at the centre is always less than 180°, angle subtended by 


major arc is always greater than 180° and angle subtended by semicircle at the centre 
is always 180°. If a chord does not pass through the centre, then angle subtended by 


it at the centre is equal to the angle subtended by its corresponding arc. 


d 
is) 
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ANGLES IN THE SAME SEGMENT OF A CIRCLE 


Any chord of a circle divides the circle in two segments. Angles made by any chord 
at different points (lie on the same side of the chord) on the circle are called angles in 
the same segment of the circle. 


In the figure ZACB, ZADB and ZAEB are the angles in the same segment of a circle. Also 


ZAFB and ZAGB are the angle in the same segment of a circle. 





CYCLIC QUADRILATERAL 


A quadrilateral is called cyclic, if all the four vertices of it lie on a circle. In the figure, 


ABCD is a cyclic quadrilateral because its all four vertices are lie on a circle. 





THEOREM 1 : Equal chord of a circle subtend equal angle at the centre. 


Given : AB and CD are two equal chords of a circle with centre O. AB and CD subtends an angle ZAOB and ZCOD at the centre 
O respectively. 


To Prove : ZAOB = ZCOD 


PROOF : In A4OB and ACOD, | 
AB - CD [Given] A 


U^ «n 
OA - OC [Radii of the same circle] j 
OB - OD 
A40B = ACOD [ By SSS congruent Rule i.e. side side side] D C 
ZAOB = ZCOD [Corresponding parts of congruent triangles are equal] 


THEOREM 2 : (Converse of the Theorem 1) 
If the angle subtended by the chords of a circle at the centre are equal, then the chords are equal. 


Given : AB and CD are two chords of a circle with centre O. Chords AB and CD subtend equal angle ZAOB and ZCOD at the 


centre respectively. 


To Prove : 4B- CD 


PROOF : In AAOB and ACOD, / 
OA = OC [Radii of the same circle] " V V : 
OB = OD [Radii of the Mio cdd] V M 
ZAOB = ZCOD [Given] D C 
AAOB = ACOD [By Side-Angle-Side congruent rule] 
AB=CD (Corresponding parts of congruent triangle are equal] 
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Illustration 1 : AB and CD are two chords each of length 10 cm of a circle whose centre 

is O and chord AB makes an angle of 65? at the centre. Find the angle which the NE 
chord CD will make at the centre. A D 


SOLUTION : As AB and CD are two equal chords so according to theorem-1, they will subtend 
equal angle at the centre. Now, AB subtend an angle of 65? at the centre so CD will also 
subtend the same angle of 65? at the centre. 


THEOREM 3 : The perpendicular from the centre of a circle to a chord bisects the chord. 
Given: AB is a chord of a circle with centre O. OM be the perpendicular from O to chord AB. 
To Prove : OM bisects AB i.e. AM = MB 

Construction : Join OA and OB 


PROOF : In AAOB and ABOM 





OA — OB [Radii of the same circle] 
OM= OM [Common] 
ZOMA-ZOMB-90 | 
AOAM = AOBM [By RHS congruent rule] 


AM=BM ^* [Corresponding parts of two congruent triangles are equal] 


| THEOREM 4 : (Converse of the Theorem 3) 
The line joining the centre of a circle to the mid-point of a chord is perpendicular to the chord. 
Given : AB is a chord of a circle whose centre is O. M is the mid-point of the chord AB. i.e. AM MB. 
To Prove : OM is perpendicular to AB i.e. OM L AB V 


Construction : Join OA and OB. á 
PROOF : In AAOM=ABOM 
OA = OB [Radii of the same circle] 
OM-OM [Common side] 
AM= MB [Given] 
AAOM = ABOM ~ — [By SSS congruent rule] we A 
rA ZAMO = ZBMO dii [Corresponding part of two congruent triangles are equal] 
Now, ZAMO + ZBMO = 180° | [Linear pair angles] \ 
But — ZAMO+ ZBMO [from ()] 
ZAMO + ZAMO = 180° 
2ZAMO = 180° 
ZAMO = D$ = 90? 
So, OM L AB 
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` Illustration 2 : The radius of the circle is 5 cm and the perpendicular distance of a chord from the centre is 4 cm. Find the 


length of the chord. 
SOLUTION : Let AB be the chord whose length is to be found. 
Now, OA = radius = 5 cm 

OM = perpendicular distance of AB from the centre is 4 cm. 
In right angle triangle 4OM, 





OA* = OM? + AM? [By Pythagoras theorem] 
AM? = OA? - OM? 


'= §2_ 42 
=25-16=9 
p AM= J9 =3cm 


/ 


Now, from theorem 3, the perpendicular from centre to a chord bisect the chord. So Mis the mid-point of AB. 


AB=2 AM=2*3=6cm. 


THEOREM 5 : Perpendicular distance of a line from a point is the shortest distance of the line from the point. 
P 


Given : PM is perpendicular to a line AB from point P. 
L is any point other than point M on the line AB. 


To Prove : PM< PL > 





PROOF : PL is the hypotenuse of the triangle right angled at M. 


We know that hypotenuse of a triangle is always greater any one of the other two sides. " M B 
PL» PM 
Or PM<PL 


THEOREM 6 : Equal chords of a circle (or of congruent circles) are equidistance from the centre. 


Given: AB and CD are two equal chords of a circle having centre O. OM and ON are the distance of AB and CD from centre O 
respectively i.e. OM L AB and ON L CD. 


To Prove : OM = ON 


Construction : Join OB and OC. 


PROOF : From theorem-3, perpendicular from centre to chord bisects the chord, so OM bisect AB and ON bisects CD. 


AM 7 MB A 
And CN = ND (il) 
But AB=CD [Given] 


AM + MB = CN + ND 

MB + MB = CN + CN [from (i) and (ii)] 
2MB = 2CN 

MB = CN .. (iii) 
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Now, In AOMB and AONC 
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77 
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|^MB-CN ` [from (iii 
OB - OC [Radii of the same circle] 
ZOMB= ZONC=90° [OML AB, ON 1 CD] 
AOMB = AONC [By RHS congruent rule] 
OM = ON 


[Corresponding parts of congruent triangles are equal] 


THEOREM 7 : (Converse of the Theorem 6) 

Chords equidistance from the centre of a circle are equal in length. 
Given : AB and CD are two chords of a circle having centre O. Whose distances of AB and CD from centre O are OM and ON 
respectively are equal in lengthi.e; OM = ON. Ji 


To Prove: AB - CD A 





Construction : Join OB and OC. 


PROOF : In AOBM and AOCN 


OB = OC [Radii of the same circle] 

OM = ON [Given] 

ZOMB = ZONC = 90° 

AOMB = AONC - [By RHS congruent rule] 

MB = NC ...(i) [Corresponding parts of a congruent triangles are equal] 


Now, from theorem-3, perpendicular from centre to a chord bisects the chord 
AM = MB and CN = ND 


Now, MB = NC [rom(i] 

2MB = 2NC l [Multiplying both sides by 2] 

MB + MB = NC + NC 

AM+ MB - CN * ND [ AM=MB and CN = ND] 3 
AB = CD 


THEOREM 8 : The angle subtended by an arc at the centre is double the angle subtended by it at any point on the 
remaining part of the circle. 


Given : AB is an arc of a circle subtending angles AOB at the centre O and APB at a point P on the ae g parto of the M 


ASS 


(i) (ii) _ (iii) 
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To Prove : ZAOB = 2ZAPB (if arc AB is minor) 
180° = 27/APB (if arc AB is semicircle) 
Reflex ZAOB=2 ZAPB (if arc AB is major arc) 
. Construction : Join P to O and extends it to point C. 


We consider the three cases as shown in the above figure (i) arc AB is minor (ii) arc AB is a semicircle and (iii) arc AB is major. 


PROOF : In all the three cases ZA4OC is the exterior angle of A4OP. 


ZAOC- ZAPO+ ZOAP (i) [Exterior angle of a triangle is equal to the sum of the two interior opposite angles] 
Now,  InAOAP | 
OP = 0A [Radii] 
ZAPO = ZOAP [Angles opp. equal sides in a triangle are equal] 
ZAOC = ZAPO + ZAPO 
ZAOC =2ZAPO sash) 


Similarly, ZBOC=2Z0PB ' ..(ii) 
Case-l: — Adding (ii) & (iii), we get 
ZAOC + ZBOC =2 [ZAPO + ZOPB] 
ZAOB=22ZAPB a" 
Case-Il : Angle subtended by semicircle at the centre of the circle is 180°. 
Adding (ii) and (iii), we get B 
ZAOC + ZBOC - 2ZAPO * 2Z20PB 
=> 180? = 2(ZAPO + ZOPB) 
=> 180° = 2ZAPB 
Case-Il] : Angle subtended by the major arc AB at the centre of the circle is the reflex angleZAOB. 
Adding (ii) and (iii), we get 
ZAOC + ZBOC = 2ZAPO + 2ZOPB 
= Reflex ZAOB = 2(ZAPO + ZOPB) 
=> Reflex ZAOB =2ZAPB 


! ` ZAPB- E = 99° 
L] 


Illustration 3 : In the given figure, the reflex ZAOB is 240°. Find the angle ZAPB. 
SOLUTION : As the total angle subtended at the centre is 360° | S 
ZAOB + reflex ZAOB = 360? 
ZAOB = 360 — 240 = 120° 
Now, from the above theorem 
ZAOB =22ZAPB 

2 


—APB = 60° 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


ORdES —— — 7 ELLA et N T i . 
THEOREM 9 : Angle in the same segment of a circle are equal. 


Given : ZAPB and ZAQB are two angles in the same segment APQBA of a circle with centre O. 
To Prove : ZAPB= ZAQB 


Construction : Join centre O to A and B. 


P 
PROOF : From theorem-8, ‘ LASS j 
ZAOB=22ZAPB ai) | ! B 
and ZAOB=2ZAQB-  ...(ii) "wis 


from (i) and (ii), we get 
ZAPB = ZAQB 


THEOREM 10 : (Converse of the Theorem 9) 


If a line segment joining two points subtends equal angles at two other points lying on the same side of the line 


C 
containing the line segment. The four point lie on a circle (i.e. they are concyclic) 
Given : A, B, C and D are four points such that point C and D lie on the same side of the D 
line containing the line segment AB. | à; 
Also ZACB = ZADB. (Fig. (1)) ` 
A B 


To Prove : The four points A, B, C, D lie ona circle i.e. they are concyclic. 


Fig. (i) 
Construction : Draw a circle through the three non-collinear points 4, B and D. Because one and only one circle passes through 
three non-collinear points. 
PROOF : This is proved by contradiction. De 


Let the circle does not pass through the point C. 


Then two cases arises: 











(i) The circle intersect AC at £. see fig. (ii) x. 
(ii) The circle intersect AC produced at £ see fig. (iii) : P 
Case (i) When A, B, E and D lie on a circle [fig. (ii)}, join EB. Fig. i) 
ZADB = ZAEB .. wae [Theorem-9 : Angle in the same segment of a circle are equal] 
ZACB = ZADB (i) ^ [Given] nnn 


From (i) and (ii), we get 
ZAEB = ZACB 
This can be possible only when E and C coincides. 
So, the circle passes through A, B, C and D. 
Case (ii) When If A, B, E' and D lie on the circle [fig. (iii)], join E'B. 


ZADB = ZAE'B (iii) Fig. (ii) 
[Theorem-8: Angle is the same segment of a circle are equal] 
ZACB = ZADB ..(iv) [Given] 
From (iii) and (iv), 
ZACB = ZAE'B 


This can be possible only when £' and C coincides. So, the circle passes through A, B, C and D. 


Hence, the four points A, B, C and D are concyclic. 
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Nate 
THEOREM 11 : The sum of either pair of opposite angles of a cyclic quadrilateral is 180°. 
Given : ABCD is a cyclic quadrilateral whose vertices A, B, C and D lie on a circle having centre O. 
To prove: — (i) ZABC+ ZADC = 180? 

(ii) ZBAD+ ZBCD = 180° 
Construction : Join O to A and C. 


PROOF : Since, the angle subtended by an arc at the centre of a circle is twice the angle 
subtended by the arc at any point on the remaining part of the circle. 


ZAOC = 2ZADC 
Similarly, Reflex ZAOC - 27ABC > 
Also, ZAOC + Reflex ZAOC = 360° [Sum of all the angles at a point is 360°] 


_2ZADC + 2ZABC = 360° 


_ ZABC + ZADC= € 21809 . ..(i) - 


In quadrilateral ABCD, 
ZBAD + ZABC + ZBCD + ZADC = 360° [Sum of all the angles of a quadrilateral is 360°] 

=> ZBAD+ ZBCD+(ZABC+ ZADC) = 360° 

=> ZBAD+ ZBCD + 180° = 360? [From equation (i), ZABC + ZADC = 180°] 

=>  ZBAD + ZBCD=180° " 





THEOREM 12 : (Converse of the above Theorem 11) 

If the sum of any pair of opposite angles of a quadrilateral is 180°. Then the quadrilateral is cyclic. 

Given : A quadrilateral ABCD in which ZB + ZD = 180° 

To prove : ABCD is a cyclic quadrilateral. 

PROOF : This is proved by contradiction method. Let ABCD be not a cyclic quadrilateral. Draw a circle-passing through three non- 
collinear points A, B and C. 





m ] Fig. (i) Fig. (ii) 
Then two cases arises : 
~œ (i) The circle intersect AD at D', see fig (i) 
(ii) The circle intersect AD produced at D', see fig. (ii) 
Case-] Join CD' 
ABCD is a cyclic quadrilateral [fig. (1)] 
ZABC + ZAD'C= 180? ....(i) 
[ ZABCand ZAD'C are opposite angles of a cyclic quadrilateral 4BCD'] 
— But, ZB + ZD = 180° [Given] 

i.e., ZABC + ZAD'C=180° (ii) ` 
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From (i) and (ii), we get 
ZABC + ZAD'C= ZABC + ZADC 
ZAD'C= ZADC 


wA mass 


This can be possible only when D and D' coincides. So the circle passes through A, B, C and D. 
Hence, ABCD is a cyclic quadrilateral. 
Case-II Join CD’ 
A, B, C and D' lie on the circle [fig (i1)] 
ZABC + ZAD'C= 180° ...(iii) 
(ZABC and ZAD'C are opposite angles of a cyclic quadrilateral 4BCD'] 
a But ZB + ZD = 180? [Given] 
i.e. ZABC + ZADC= 180° _...(iv): 
From (iii) and (iv), we get | 
ZABC + ZAD'C = ZABC + ZADC 
ZAD'C= ZADC 
This can be possible only when D and D’ coincides. So, the circle passes through A, B, C and D. 
Hence, ABCD is a cyclic quadrilateral. 


Illustration 4 : ABCD is a cyclic quadrilateral in which AC and BD are is diagonals. 
If ZDBC = 65? and ZBAC = 55° Find ZBCD 


SOLUTION : ZBAC = ZBDC=55° [ZBAC and ZBDC are angles in the same segment] 
In ABDC, | 
ABDC + ZDBC + ZBCD = 180? 
55° + 65° + ZBCD = 180° 
ZBCD = 180° — 120° = 60°. 





MISCELLANEOUS 


Solved Examples 





In the given figure, ABC is an isosceles triangle in which AB = AC and ZABC = 50°, find ZBDC. 


SOLUTION : cw D 
AB = AC, -. ZABC = ZACB = 50? | 
In A4BC, | 
ZABC + ZACB + ZBAC = 180° : ^ 


50? + 50? + ZBAC = 180° 

ZBAC = 180? — 100? = 80° 

Now, ZBAC = ZBDC { Angle in the same segment of a circle are equal] 
ZBDC = 80° 
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Two chords AB and CD of lengths 6 cm, 12 cm respectively of a circle are parallel. If the -L distance between 
AB and CD is 3 cm, find the radius of the circle. 


SOLUTION : Here AB = 6cm => AL = LB —3B 
CD = 12 cm => CM= MD=6em 
Also LM = 3cm. Let OM=x 
In right triangle OLB, . 
OL? + LB? = OB? (By pythagoras theorem) 
=> (3+x} +32=0B2 (1) 
Now in right AOMD, 
OM? + MD2 = op2 
=> x? + 62 = og2 
Form (1) & (2), (3 +x)? +32 = 2 +62 
=> 9+6x=36-9orx=3.' 
From (1), OB? = (3 +3)2 - 32-3649 
OB = 3 cm. 


Hence radius = 3 cm . | 





sis (2) (since OD = OB = radius) 


Example 3: 





In the given figure, O is the centre of a circle and AB is a diameter. If ZEOF = 40°, find ZEDF. 
SOLUTION : Join BE and EF. 
Since AB is the diameter of the circle 


/ AEB = 90? [Angle in the semicircles is 90°] 


ZEBF = ;4E0F- 7. = 20? 


[Angle made by a chord at any point on the circumference is half the angle made by the chord 
at the centre of the circle.] - 
Also ZAEB = 90° 

ZBED = 180° — 90° = 90° 

In ABFD, 

ZBED + ZEBD + ZEDB = 180° 

` 90° + ZEBF + ZEDB = 180? [ ZEBD= ZEBF] 

90? + 20? + ZEDB = 180? 

ZEDB = 180? — 110? = 70? 
Le. ZEDF=90° 





In figure, ABCD is a cyclic quadrilateral in which AC and BD are Its 


diagonals, If ZDAC = 55? and 
ZBAC = 45°, find ZBCD. 





SOLUTION : Given ZDBC = 55° and ZBAC = 45°, 


ZBAC = ZBDC = 45° E [Angle in the same segment of a circle ato equal] D 
Now, in ABCD, 

ZBDC + ZDBC + ZBCD = 180° 

45° + 55° + ZBCD = 180° [from i)] 


ZBCD = 180° — 100° = 80° 
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eves In the given figure, POR is a triangle in which PQ = PR and M is a point on PR, Through R a line is drawn 
l 
to intersect QM produced at S such that ZPQS = ZPRS. Prove that ZPSR = 90° + 3 ZQPR. 


SOLUTION : Given ZPOS = ZPRS 
Since angles ZPQS and ZPRS are equal, therefore P, Q, R, S are concyclic points. 


In APQR, 
ZPQR + ZPRO+ ZOPR= 180? 
But PQ= PR [Given] 


ZPQR = ZPRQ 
ZQPR + 2ZPQR = 180° 


zpor= 180°-ZOPR _ 





90° - « QPR (0) 
Now, In APSR 


ZPSR * ZPQR - 180* [ PORSis acyclic quadrilateral whose sum of opposite angles is 180°] 
ZPSR = 180? — ZPOR 


= 180° — [90-5 zorr | | Dont] 


- 90? + ZOPR 





rE P is a point on the side BC of a triangle ABC such that AB = AP. Through A and C, lines are drawn parallel 
to BC and PA respectively, so as to intersect at D as shown in the figure. Show that ABCD is a cyclic quadrilateral. 
SOLUTION : In AABP, we have A D 

AB = AP 
= ZABP=ZAPB 
Since AD || BC and AP || DC. 


APCD is a parallelogram. 

= ZAPC=ZADC | ] 
But ZAPB + ZAPC = 180° [Linear pair axiom] B P 

— ZABP+ ZADC= 180° [ ZAPB = ZABP and ZAPC = ZADC] . 


— ABCD as a cyclic quadrilateral. 


In the given figure AB is the diameter, ZBAD = 70° and ZDBC = 30°. Find ZBDC. 
SOLUTION : ABCD is a cyclic quadrilateral 
ZBAD + ZBCD = 180° [Sum of opposite angles of a cyclic quadrilateral is 180°] 
ZBCD = 180? — ZBAD 
= 180° — 70° = 110° [ ZBAD=70°, Given] 


...(i) C "osi." M 
Now, In ABCD. 
ZDBC + ZBCD + ZBDC = 180° o 109 
= — LS 30 
30° + 110° + ZBDC = 180? [ ZDBC=30°, ZBCD= 110°, Given] B A 


ZBDC = 180° - 140° = 40° 
ZBDC = 40° 
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In the given figure, ZA = 60° and ZABC = 80°, find ZDPC and ZBQC. 


Mathematics 


SOLUTION : In a cyclic quadrilateral, exterior angle is equal to opposite interior angle. So, in cyclic quadrilateral ABCD, we have 
ZPDC = ZABC and ZDCP = ZA 
=>  ZPDC - 80? and ZDCP = 60° [ ZABC=80° and ZA = 60°] 
In ADPC, we have 
ZDPC = 180° — (ZPDC + ZDCP) 
=>  ZDPC - 180° - (80? + 60°) = 40° 
' Similarly, we have | 
ZQBC = ZADC and ZBCQ = ZA 
=> ZQBC- 180° — ZABC and ZBCQ = 60° 
[ ZADC + ZABC= 180? and ZA = 60°] 
=>  ZQBC- 180? — 80* = 100° and ZBCQ = 60? 
Now, in ABQC, we have 
ZBQC = 180° — (ZQBC + ZBCQ) = 180° — (100° + 60°) = 20° 
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DIRECTIONS: Complete the following statements with an 
appropriate word/term to be filled in the blank space (s). 


1. 


P 


a p 


A radius of a circle is a line segment with one end point at 


gugis and the other end on 


A diameter of a circle is a chord that passes through the - 


ee of the circle. 

The centre of a circle lies in the ............. of the circle 

PAR WE IA E ens when its ends are the ends of a 
diameter. 


A point, whose distance from the centre of a circle is 
greater than its radius, lies on the ............. of the circle. 


The longest chord of a circle is a .......... of the circle. 


Segment of a circle is the region between an arc and the 
related ........... of the circle. 


Angles in the same segment of a circle are .................. ; 


The sum of either pair of opposite angles of a cyclic 
quadrilateral is .................. à 


Congruent arcs of a circle subtend equal angles at the 
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DIRECTIONS : Read the following statements and write your 


answer as true or false. 


l. 
2. 


10. : 


Diameter is the longest chord of the circle. 
A diameter of a circle divides the circular region into two 
parts. Each part is called a semi-circular region. 


Every circle has a unique centre and it lies inside the 
circle. 

From a given point at the exterior of a circle, two tangents 
can be drawn to it and these two tangents are equal in 
length. 

Line segment joining the centre to any point on the circle 
is a radius of the circle. 


A circle is a plane figure. 


. Ifa circle is divided into three equal arcs, each is a major 


arc. 


Sectoris theregion between the chord and its corresponding 
arc. 


A circle has only a finite number of equal chords. 


A chord of a circle which is twice as long as its radius is a 
diameter of the circle. 


—— —Ó€——À——— eh La ed 
DIRECTIONS: Each question contains statements given in two columns which have to be matched. Statements (A, B, C, D) in 


Column I have to be matched with statements (p, q, r, 


s, t) in column II. 





A 


Column-I 
(A) In the given figure, ZADC = 





D 


(B) Distance of a chord AB of a circle from the centre is 12 cm and length of the chord is 10cm. 


The diameter of the circle is 


Column-II 
(p 120? 
(qQ 75 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 
ie tir omy MD es f ty, 3 C Mathematics ^) 
(C) In the figure given below, O is the centre of the circle. If AB = BC and ZAOB = 70° (r) 45° 
then ZOBC is equal to 
(D) In the given figure, the points 4,B,C and D lie on a circle. If ZACB = 75° then ZADB is equal to (s) 55° 
A 
(E) If an equilateral triangle POR is inscribed in a circle with centre O, then Z QOR is equal to (t) 26° 





P 


DIRECTIONS: Give answer in one word or one sentence. 





1, 


P" 


s> 


» 


Define the term cyclic quadrilateral. 


How many circles can be drawn passing through three 
given non-collinear points? 


What is the sum of either pair of opposite angles ofa cyclic 
quadrilateral? 


In the given figure, ZABC = 45? prove that OA LOC. 











Define a term circle. 

What is the diameter of the circle ? 

Explain the word ‘radius’ of the circle. 

What is the measure of angle in a semicircle? 

How many circles can be drawn passing through 

(i) one point (ii) two points (iii) three collinear points. 
Draw different pairs of circle in a plane. How many points 
does each pair have in common? 

What is the maximum number of common points? 


11. In the figure, ZADC = 110°, then find ZCBE. 
C 


S 
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DIRECTIONS: Give answer in 2-3 sentences. 





1. Two circles intersect at two points A and B. AD and AC are 
diameters to the two circles. Prove that B lies on the line 
segment DC. 








8. 


2. A chord of a circle is equal to its radius. Find the angle 
subtended by this chord at a point in major segment. 

3.  Aquadrilateral ABCD is inscribed in a circle such that AB 
is a diameter and ZADC = 130°. Find ZBAC. 

4. In the given figure chords AB and.CD are parallel and 
BC is a diameter of the circle with centre O. Show that 
AB-CD —— 9. 


——E———EEEE 


C 


NC 


5. Prove that the perpendicular bisectors of the sides of a 
cyclic quadrilateral are concurrent. 


6. In the given figure, ABCD is a cyclic quadrilateral whose 


side AB is a diameter of the circle through A, B, C, D.]f 10. 


ZADC = 120°, find ZBAC. 





7. AB isa diameter of the circle with centre O and chord CD 
is equal to radius OC. AD and BC produced, which meet 
at P. Prove that ZCPD = 60°. 
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In the given figure, points A, B, C and D lie on a círcle. If 
ZCAB = 40° and ZABC =85° then find ZADB. 





In the given figure, ABCD is a cyclic quadrilateral. 
If ZBAD =105° and ZCBD=65° then find the value 
of x. 





B 


Suppose you are given a circle. Give a construction to find 
its centre. 

In figure, AB and CD are equal chords of a circle whose 
centre is O. If OM L AB and ON L CD. Prove that 
ZOMN = ZONM 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


188 ee 


12. Bisectors of angles A, B and C of a triangle ABC intersect 
its circumcircle at D, E and F respectively. Prove that the 


angles of the triangle DEF are 90? — ti 90° — lg and 
2 2 


90? — L C. 
2 


13. ABCD is a parallelogram. The circle through A, B and 


C intersect CD (produced if DAMES) at E. Prove that 
AE= AD. 


14. The bisector of ZB of an isosceles triangle ABC with 


AB = AC meets the circumcircle of AABC at P as shown 


in the figure. If AP and BC produced meet at Q prove that 
CQ = CA. 


A 


2 57 . f on 


imo» ‘Lo Questions: A 
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DIRECTIONS: Give answer in four to five sentences. 















1. Two chords AB and CD of lengths 5 cm and 11 cm 
respectively of a circle are parallel to each other and are 
on opposite sides of its centre. If the distance between AB 
and CD is 6 cm, find the radius of the circle. 


2. In figure, O is the centre of the circle. Prove that 
xty-z. 





3. In figure, ABCD is a cyclic quadrilateral. A circle passing 


through A and B meets AD and BC at the points E and £ 
respectively. Prove that EF | | DC. 


S. 





In the following figure, two circles intersect at two points 
B and C. Through B, two line segments ABD and PBO are 
drawn to intersect the circles at 4,D, P and Q respectively. 
Prove that ZACP = ZQCD. 


P 


BC is a chord with centre O. A is a point on an are BC as 
shown in figures (i) and (ii). Prove that 





Fig. (i) 

(i) ZBAC+ ZOBC = 90° , it 4 is the point on the major 
arc. 

(i) | ZBAC- ZOBC = 90 , if 4 is the point on the minoc 
arc, 

In the given figure, chond ED is parallel to the diameter 4C 

of the circle, Given, ZCRE = 05°, tind Z D&C, 
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CIRCLES —— 
The sum of either pair of opposite angles of a cyclic 
quadrilateral is 180°, prove it and hence find the values of 
x and y in the given figure. 


7. In the given figure, O is the centre and AE is the 8. 
diameter of the semicircle ABCDE. If AB = BC and 
ZAEC =50°, then find ZCBE, ZCDE, ZAOB and 
prove BO || CE. 
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DIRECTIONS: This section contains multiple choice questions. 
Each questions has 4 choices (a), (b), (c) and (d), out of which 








ONLY ONE is correct. 

|. The region between a chord and either of the arcs is called 
(a) an arc (b) a sector 
(c) asegment (d) a semicircle 

2.  Diagonals of a cyclic quadrilateral are the diameters of 
that circle, then quadrilateral is a 
(a) parallelogram (b) square 
(c) rectangle (d) trapezium 

3. In the given figure, O is the centre of the circle. The value 
of x is 
(a) 140? (b) 70? 
(c) 290? (d) 210? 

4. If Pisa point in the interior of a circle with centre O and 
radius r, then 
(a OP=r (b OP»r 
(c) OP2r (d OP<r 

5.  Whentwo circles intersect at points A and B with AC and 
AD being the diameters of the first and second circle then 
the points B, C and D are 
(a) concurrent (b) circumcentre 
(c) orthocentre (d) collinear 

6. In the adjoining figure, O is the centre of a circle. AB 


and CD are its two chords. If OM L AB, ON 1 CD and 
OM = ON, then 





8. 


10. 


(a)^ AB « CD (D AB<CD 

(c) AB>CD (d) 48-CD 

If PỌ is a chord of a circle with radius r umis zn Zw z 
point on the circle such that ZPRQ = 90°, £e Ze enri 
of PQ is 


(a) runits (b) 2rums 
(c) > units (d) 4r units 


If an equilateral triangle POR is inscribed in 2 Goce wih 


centre O, then ZOOR is equal to 
(a) 60° (b) 30° 
(c) 120° (d) 90° 


In the adjoining figure, chords 48 and CD of s cce wr 


produced meet at P. If 24PD= 35° and 7 8D — 25" Sem 
ZADC is equal to 





(a) 60° ®©) 70° 

(c) 50° (a) 1x» 

In the adjoining figure, PORS is a cyclic quadzitateest, tf 
ZSPR = 25° and ZPRS = 60°, thon the valve of x is 





105° 
115° 


(b) 9$* 
(d) SS 


(a) 
(c) 
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|l. In the given figure, O is the centre of the circle, (a) 30? (b) 45* 
ZCBE.= 25° and ZDEA = 60°. The measure of ZADB is (c) 60? (d) 120° 





(a) 90° 
(c) 95° (d) 120° 
12. In the given figure ZAOB chord AB subtends angle equal 


to 60° at the centre of the circle. If OA = 5 cm, then length 
of AB (in cm) is 


(b) 85° 





B 
(a) Žem (b) SB om 
(c) Sem (d) S om 


13. In the given figure, if OA = 5cm, AB = 8 cm and OD is 
perpendicular to AB, then CD is equal to 


| 
| au 


D 
(a) 2cm (b 3cm 
(c) 4cm (d) 5cm . 
14. Inthe given figure, BC is a diameter of the circle and ZBAO 
= 60°. Then ZADC is equal to 


; 5 
D 


d 


15. In the given figure, if AOB is a diameter of the circle and 
AC = BC, then ZCAB is equal to 






C 

A B 
(a) 30? (b) 60° 
(c) 90? (d) 45* 








RR -—— - 3 
g Bz te a 

te e tate {AS 

due ee 





DIRECTIONS: This section contains multiple choice questions. 
Each question has 4 choices (a), (b), (c) and (d), out of which 
ONE OR MORE may be correct. 





1. Two circles are drawn with sides PQ and PR of a triangle 
PQR as diameters. Circles intersect at a point S. Theri 
(a) ZPSQ and ZPSR form a linear pair angles. 
(b) ZPSQ and ZPSR are complementary angles. 
(c) ZPSQ and ZPSR are supplementary angles. 
(d) Points Q, S, R are collinear points. 


2. In the given figure , ZR = ZS = 30°, then the four points 


P.Q,R,S 





(a) are concyclic (b) are collinear 
(c) are not collinear (d) lie on the same circle. 
3. Which of the following is/are correct? 

(a) The perpendicular drawn from the centre of the cir- 

. cle to a chord bisects the chord. 

(b) Congruent arcs of a circle subtend equal angles at 
the centre. 

(c) Congruent arcs of a circle subtend right angles at the 
centre. di 

(d) Chords equidistant from the centre of a circle are 
equal in length. 


4. Which ofthe following is/are incorrect? 
(a) Acircle has only finite number of equal chords. 
(b) Acircle is not a plane figure. 
(c) Sector is the region between the diameter and its arc. 
(d) Achord of a circle, which is twice as long is its 
radius is a diameter of the circle. 
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5. Which of the following is/are incorrect ? 

(a) Acontinuous piece of a circle is arc of the circle. 

(b) Segment ofa circle is the region between an arc and 
radius of the circle. 

(c) A circle divides the plane, on which it lies, in two 
parts. 

(d) Circles having the same centre and different radii 
are called congruent circles. 


"Scip sed Questions 


————————————— 
DIRECTIONS: Study the given paragraph(s) and answer the 
following questions. 





1. In the given figure, AB is the diameter of a circle with 
centre O. If ZPAB = 55°, ZPBO = 25? and ZABR =50° 
then 





(i) The value of ZPBA is 


(a) 35° (b) 40° 

(c) 30° (d) 50° 
(ii) The value of ZBPQ is 

(a) 35° (b) 40° 

(c) 30° (d) 50° 
(iii) The value of ZBAR is 

(a) 35? (b) 40° 

(c) 30° (d) 50° 


2. Inthe given figure, if ZACE = 43? and ZEAC = 62° then 





(i) The value ofa is 
(a) 62 (b) 105 
(c) 13 (d) 118 


"ote ANCICYT )e TNTYS URP pint M QU r1? 67 WX 


| 


(ii) The value of b is 
(a) 62 (b) 105 
(c) 13 (d) 118 
(iii) The value of c is 
(a) 62 (b) 105 
(c) 13 ` (d) 118 
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DIRECTIONS: Each of these questions contains an Assertion 





followed by reason. Read them carefully and answer the question 


on the basis of following options. You have to select the one that 
best describes the two statements. 





(a). If both Assertion and Reason are correct and Reason is 
the correct explanation of Assertion. 


(b) If both Assertion and Reason are correct, but Reason is 
not the correct explanation of Assertion. 


(c) If Assertion is correct but Reason is incorrect. 
(d) If Assertion is incorrect but Reason is correct. 


|. Assertion: The circumference of a circle must be a positive 
real number. 


Reason: If r (> 0) is the radius of the circle, then its 
circumference 2zr is a positive real number. 

2.  Assertion: If P and Q are any two points on a circle, then 
the line segment PQ is called a chord of the circle. 
Reason: Equal chords of a circle subtend equal angles at 
the centre. 


3.  Assertion: The sum of either pair of opposite angles ofa 
cyclic quadrilateral is 180° 


Reason: Two or more circles are called concentric circles 
if and only if they have different centre and radii. 

4. Assertion: A diameter of a circle is the longest chord of 
the circle and -ll diameters have equal length. 
Reason: length of a diameter — radius 

5. Assertion : Given a circle of radius r and with centre O. 
A point P lies in a plane such that OP > r then point P lies 
on the exterior of the circle 


Reason : The region between an arc and the two radii, 


joinii.g the centre to the end points of the arc, is called a 
sector. 


quccLeAncc y^ tf 5 det e e he LA et ohh tom cmo e 
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DIRECTIONS: Answer the following questions. 


l. ABCDisa parallelogram. The circle through A, B and C 
intersects CD produced at E. If AB = 10 cm, BC - 8 cm, 
CE = 14 cm. Find AE. 
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2. In figure, O is the centre of the circle, ZBCO = 30°. Find 4. In the adjoining figure, AC is the diameter of a circle with 
x and y. | centre O and chord BD L AC intersecting each other at E. 


Find the values of p, q, r in terms of x. 





3. In the given figure, P and Q are centres of two circles, EE l 
intersecting at B and C. ACD is a straight line. If ZAPB= 5. ABCD is a trapezium (with AB || DC) inscribed in a circle 
150? and ZBQD = x, find the value of x. with centre O. Diagonal AC is joined and also OA,OB, OC 


and OD are joined. 

(i) Is ZBAC= ZDCA ? Why? 
(ii) Is ZDCA = "mein ? why? 
(iii) Is ZBOC = ZDOA? Why? 
(iv) Is BC = AD? Why? 


6. Prove that the sum of the angles in the four segments 
exterior to a cyclic quadrilateral is equal to 6 right angles. 
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EXERCISE - I 
FILL IN THE BLANKS 


l. the centre, the circle 2. centre 

3. interior 4. semicircle 
5. exterior 6. diameter 
7. chord 8. equal 

9, 180° 10. centre 
TRUE/FALSE 

| True 2. True 

3. True 4. True 

5. True 6. True 

7 False 8. False 

9. False 10. True 


MATCH THE COLUMNS 


l. A-(t);B “0 ; C - (s) ; D- (q) ; E - (p) 
ZADC = —ZAOC = 1999 = 45° 
( ~ Angle subtended by an arc at the centre is double the 


angle formed by it on the remaining part of the circle) 
(B) The perpendicular from the centre to the chord bisects the 
chord. AL = 5cm and OL = 12 cm, 


AO = (12)? « (5? = V169 = 13 em 


Radius = 13cm, Diameter = 26 cm. 





(C) ZBOC = 7(P (* equal chords of a circle subtend equal 
angles at the centre). 
=> ZOBC+ Z OCB - 180? - 70? = 110° 
£ OBC = 55° (^ OB = OC => Z OBC=Z OCB) 
Since angles in the same segment of a circle are equal 
Z ADB = Z ACB =75° 
(E) Since PQR is an equilateral triangle inscribed in a circle, 
Z QPR = 60? 
ZQOR = 2 x ZQPR = 120° 


(D) 





2. 





. VERY SHORT ANSWER QUESTIONS 


A quadrilateral is called a cyclic quadrilateral if its all 
vertices lie on a circle. 

There is one and only one circle can passes through three 
given non-collinear points. 

180° 


ZABC = 7.440€ 


i.c., Z40C = 2ZABC 

= 2 x 45° = 90° 
=> OALOC 
The collection of all the point in a plane, which are at a 
fixed distance from a fixed point in the plane, is called a 
circle, 
The chord, which passes through the centre of the circle, is 
called a diameter of the circle. 
The line segment joining the centre and any point on the 
circle is called a radius of the cricle. 
Angle in a semicircle is a right angle. 
(i) infinitely many . (ii) infinitely many (iii) None 
0.14. 
Maximum number of common points is two. 
ZCBE = ZADC = 110° 


SHORT ANSWER QUESTIONS 


Join AB, 

ZABD=90° (Angle in a semicircle) 
ZABC = 90° (Angle in a semicircle) 
So, ZABD + ZABC = 90° + 90° = 180° 

/. DBC is a line. 

i.e., B lies on the line tegment DG. 





AB=0A=0Ọ0B (given) 
ZAOB = 60° ZAOB =2ZACB 
ZACB = 30° 
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A, ABCD is a cyclic quadrilateral, 


LB = NO = (M = S0° (. 
quadrilateral) 
LACH = 90° (Angle in the semi-circle) 
BAC = NOS - (9Q* + 80°) = 40 

4. From O, draw OM LAB and ON LCD 
In A OMB and AONC 


OB = OC (radii of same cirele) 
LM "m ZN 


ZOBM  ZOCN 
(Altemate angles) 
NS A OMB a A ONC (By AAS rule) 


` OM*=ON (c. p.e.t) 
AB = CD (C^ Chords which are equidistant 
trom the centre ota cirele are equal), 
C D 
A B 
5. Given: 


ABCD is acyclic quadrilateral of the cirele with centre O, 


To prove: 


Perpendicular bisectors of the sides dB, BC, CD and DA 


are concurrent, 





PROOF : 


We know that the perpendicular bisector of a chord of a 


circle passes through the centre of the citele, 


v ThecentreO of the eirele will Hie on each perpendicular 


bisector, 


Hence, the perpendicular bisectors of the sides are 
concurrent and their point of concurrence is the centre of 


the circle. 





ws ABCD is a cyclic 


(each = 90°, by construction) 


ZABC + ZADC= 180° 
(^. Opposite angles of a cyclic quadrilateral are 
supplementary.) 
=> ZABC + 120° = 180° 
=> ZABC= 180° — 120° = 60° 
Also, ZACB=90° (Zinasemi-circle) 
Now, in AABC 
ZBAC + ZABC + ZACB = 180° 
(By angle sum property) 
=> ZBAC + 60° + 90° = 180° 
=> ZBAC= 180°- 150° = 30°” 
Join 4D, In AOCD, 
OC » OD Q0) (Radii of the same circle) 
OC » CD w (ii) (Given) 
From (i) and (ii), 
OC» OD=CD 
AOCD is an equilateral tnangle 
" £COD=00° 


Pu 


l ae 
v CAD» — £COD= = (00°) = 3 


(Co Angle subtended by an am of a circle at the centre 
is twice the angle subtended by it at any point of the 
remaining part of the cirele,) 
=> ZPAD= 3% S Ql) 
LADR= 208 Civ) (Quale ina semi-ciiele) 
ZADBS i <ADP = 180 (Linear Pair Axiom) 
=> 90° ZADDP = 180 (Prom (Qv) 
=> ZADP=We — (v) 
In AADP, 
LAPD & ZIAD t LADD = AUS 
=> APD t AN t 908 = TSOP (Pm QD amd (0) 
=> ZAPD + 120° = 180° 
=> LAPD = UW = 120° = Oo 
=> LZCVPD=00° 
In A ABC 
2 ACR A AO 1 SS NO 
=> ZACK = NP AQ gg = S8 
Now, ŻADR = ACR = 87 
(Sy angles in the same segment ata citele) 
ZLBCD i RAD = YN" 
(Sum of the opp, angles ofa evelie quad) 
> ZBCD AS = NOP cS ROD = TN" 
In ABCD v (68 1 2 = IN ea AQ* 
Steps ob conatenetion ? 
(1) Take any three pointe 4, A and. Con the cieka 
(QU) Jo dead A 


M 
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ZACB = ZAQC+ZQAC (Exterior angle is equal to the 
sum of opp. interior angles.) 


= ZABC=ZAQC+ZQAC 


Standard 9 
(ii) Draw the perpendicular bisector of AB and BC. 14. In A4QC, 
Let these intersect at O. Then, O is the centre of the 
circle, 
11. Since Chord AB = Chord CD 
OM = ON .. (i) 


(* Equal chords of a circle are equidistant from the centre 
of the circle) 


(7 AB=AC, -. ZACB = ZABC) 
2ZPBC = ZAQC + ZPBC 


y 


In AOMN, ( " BP is the bisector of ZB, ~- ZABC —2ZPBC) 
OM - ON [From (i)] => ZPBC=ZAQC (7 ZPBC = ZPAC) 
" ZOMN - ZONM (Angles opp. to equal sides) => ZPAC » ZAQC 
l =>: ZQAC = ZAQC 
=> CQ=CA 
LONG ANSWER QUESTIONS 


l; 





Join DE, EF and FD. ZFDE = ZFDA + ZEDA = ZFCA + 
ZEBA (** Angles in the same segment are equal) 
uL Za Zp 
2 2 
ZC+ZB_180°-ZA "— 
2 


=> ZD= 
(By angle sum property of A) 


; Similarly, ZE =90°-< and ZF =90°-< 


13. We have ZAED + ZABC = 180° veal) 
( Opposite angles of a cyclic quadrilateral 
» ABCE arc supplementary.) 
Also, ZADE + ZADC = 180? (Linear Pair Axiom) ` 
But ZADC = ZABC (Opposite angles of a || gm) 


ZADE + ZABC = 180° 
From (i) and (ii), we have 
ZAED + ZABC = ZADE + ZABC 
=> ZAED= ZADE 
In AADE, AE = AD 
(‘* Sides opposite to equal angles of a triangle are equal.) 


(Hl) 


Let the radius of the circle be r cm. Let OM = x cm. 
Then ON = (6 — x) cm. 
M is the mid-point of CD. 


1 
2 


(7 OM 1 CD) 


11 
MD = MC-7 —CD= > 0D en- 5 em 





=" 1 aay D us 5 
Similarly, NB = AN = 248 - 30 - 2 em 
C^ N is the mid-point of AB and ON L AB) 
In right AONB, 


OB? = ON? + NB (By Pythagoras theorem) 


=> pp? =(6-x) (3j (i) 


Similarly, in right AOMD, OD? = ONÈ + Mp? 
(By Pythagoras theorem) 

a 
=> pray? (4) 


> 


From (i) and (ii), we get, (=x) (3) a x° (UJ 


2,295 2 2 
=> Jó-e" ir mat , Ul =>.) * M ul 


4 i2 
Putting x = 1 in Gi), we get, 


y 
r? ey (4) 41 11. 123 


= A aem = 
: SVS 
Hence, the radius of the cinte is ss em, 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 


Standard 9 
CIRCLES - CUMBU NU PUNIRI iei durus 
2. Since, angle subtended by an arc of a circle at the centre " ZAEC =90° 
is twice the angle subtended by it at any point of the Now, in AACE, 
remaining part of the circle therefore ZACE + ZAEC + ZCAE = 180? 
2 Since, AC || DE ., ZDEC and ZACE are alternate 
E l T angles. 
ZABF — 1 — 3 ZZ (Linear Pair Axiom) — i => ZDEC = ZACE z 25? 
nd 1 I 7. Join OC 
Similarly, ZEDF = ^ ZEOF = ^ Lz 2ZAEC = ZAOC — ZAOC =100° 
1 In A AOB and ABOC, AB = BC, AO = OC and OB = OB 
ZADE 7 x — z ZZ (Linear Pair Axiom) ... (ii) ^. ZBOA = ZBOC 
ZBCD = ZECF = = ZBOA = 50? and ZBOC = 50? 
' overt, Opp Angken) — ZBOA = ZCEO (each 50°) 
Now, in quadrilateral ABCD -. BO || CE 
ZABC + ZBCD + ZCDA + ZBAD — 2n Now, ZAOC + ZCOE = 180° 
( Angle sum property of a quadrilateral) ^ ZCOE =80° (7 ZAOC = 100") 
l l Also, ZCOE =2ZCBE 
=> R—4:t4y*tn- Let Zx-2m = ZCBE-40^, 
—ZxtZy-Zz 8. II part : 
kA £1 + 22= 180° ssi) ZA+ZC 2180? => 2x+4+4y-—4 = 180 
( Opposite angles of a cyclic quadrilateral ABFE are = x + 2y = 90° vont) 
supplementary.) ZB + ZD =180° => x + 10 + 5y + 5 = 180? 
Similarly, zl Tata " 180? ... (ii) => x + Sy = 165° 244 
(* ABCD is a cyclic quadrilateral.) On subtracting (1) from (2), we get 
From (i) and (ii), 3y = 75 => y=25° 
42= £3 Also, x = 40° 
mi these angles form a pair of equal corresponding EXERCISE - 2 
gles. 
« EFI|DC. 
4. ZABP = ZQBD .. (i) (vert. opp. Zs ) MULTIPLE CHOICE QUESTIONS 
ZACP = ZABP ... (ii) i 1. (c) asegment. 
(angles in the same segment of a circle subtended by 2. (c) rectangle 
arc AP) 3. (a) x=140° 
ZQCD = ZQBD .. (iii) 4. (d) OP<r 
( angles in the same segment of a circle subtended by 5. (d) B, Cand D are collinear 
arc QD) — 7 6. (d) Chords of a circle which are equidistant from the 
From (i), (ii) and (iii), we get centre of the circle are equal. 
| ZACP = ZQCD , as required. 7. (b) Since PQ is a chord ofa circle and R is a point on the 
5. The arc BC makes ZBOC=z at the centre and circle such that ZPRO = 90°, therefore, the are PRO 
ZBAC =x ata point on circumference is a semicircle => PQ is a diameter. 
n z= 2x ` Length of PQ =2 x radius = 2r units 
(i) InA OBC, ZOBC + ZOCB + ZBOC =180° 8 (c) As PQR is an equilateral triangle inscribed in a 
=> z+2y=180° circle, 
=> xt+y=90° (° z=2x) ZOPR = 60°, 
= ZBAC-ZOBC =90° ^ ZQOR = 2 x ZOPR = 2x 60° = 120° 
(ii) In AOBC, ZOBC + ZOCB + ZBOC =180° P 
=> ytyt+t=180°>180-2y=t 
Now, z = 360? — t = 360° -(180-2y) 
=> 2x-2y= 180° >x- y = 90° 
=>  ZBAC - ZOBC - 90? 
6. | ZCAE-ZCBE 
(+ angles in the same segment of arc CDE) 
=> ZCAE-65?(** ZCBE 2 65?) 
Since, AC is the diameter and the angle in a semi-circle is Q R 


a right angle. 
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% (a) ZRAD- ZBCD MORE THAN ONE CORRECT 
(angles in the same segment of a circle) 
= ZPND-ZBAD-28*(v ZBCD = 25°, given) "^ ee 
Now, <4DC = ZPAD + ZAPD (ext. Z of aA = sum 
. of two int, opp, Zs) 


=> ZADC = 25° + 35° = 60°, 
t0, (d) In APRS, LPSR + 25° + 60° = 180° 
=> ZPSR = 95° 


Now ZPQR + ZPSR = 180° 





(sum of opp. Zs ofa cyclic quad, is 180°) Since, PQ and PR are diameters of circle 
=> vt 9S°= 180° > += §5°, ^. ZPSQ = 90? and ZPSR = 90° 
M. (0 DEA ZBEC (Vertic, opp. angles) => ZPSQ + ZPSR = 180° 


=> 60°= ZBEC 
Now, in ABEC. 
LE t ZB + ZC= 180 


= ZPSQ and ZPSR form a linear pair angles. 
= Q, S, R lie on a line 


=> 604254 C= 180° an subdi 
5 Cage 2. (a,d)- 3. (a bd) 
Also, ZC = ZD " abo * wu) 
' => ZD-95 PASSAGE BASED QUESTIONS 
123. (c) OA=OB (radius of circle) ‘ a E 
= S=OR l. ZARB — 90? (Angle in semi-circle is right angle) 
Thus, ZA= ZB (OA = OB) eum 
Thus, in A OAB m ZAPB = £80 ch On 
ZA + ZB + ZO= 180 => 2 ZA+60°= 180° Liki 5 
SA= " : i : 1 
= <A= 60 ZPAB + ZABP + ZBPA = 180° 
Hence, ZA = ZB = Z0-60*— AOAB is an equilateral => 55+ ZABP + 90° = 180° 
: triangle. => ZABP = 180 — 145 = 35° 
3. Since, ABQP is a cyclic quadrilateral 
ZPAB + ZPOB = 180° 
=> ZPQB = 180— 55 = 125° 
Now, In A POB, 
ZBPQ + ZPQB + ZOBP= 180° 
=> ZBPQ + 125° + 25° = 180? 
A B => ZBPQ = 180? — 150° = 30° 
In A BRA, 
- ZBRA + ZRAB + ZABR = 180° 


|j eno — 
OA = 5 cm, AB = 8 cm => 90° + ZRAB + 50° = 180° 


=> ZRAB = 180° — 140° = 40° 
OC = ys? -4? From (1), (2) and (3) 
OC = J25-16 = V9 - 3cm UN ()a (ii) © (iii) b 
CD -OD - OC | 2. InACAE, ZC* ZA ZAEC= 180° 
CD=5-OC | 43° + 62° + ZAEC = 180° 
CD=$-3=2cm => ZAEC = 75° 


Since, ABDE is a cyclic quadrilateral, 


14. (c) ZBAO = 60? (given) à P: 
OA = OB (Radius of the circle) i x: m H kal age 
ANA AAR? Now, Z4 + ZEDB = 180° 
CABO = LADC = 60° => ZEDB = 180° ~ 62° = 118° 
(Angles in the same segment) Now, c + ZEDB = 180° (Linear pair) 
15. (d) 45° N09 180° — 118? = 62? 
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Also, ZAED + ZDEF = 180° (linear pair) 

=> ZDEF = 180° — 75? = 105° 

In A DEF 

b+c+ ZDEF= 180? 

b = 180° — (62° + 105°) = 13° © ay cond) 
So, from (1), (2) and (3) 

(i)b (ii) c (iii) a 


ASSERTION & REASON 


1. 


4. 
5. 


(a) Both Assertion and Reason are correct and Reason is 
correct explanation for Assertion. . 

(b) Both Assertion and Reason are correct but reason is 
not correct explanation for Assertion. 

(c) Assertion is correct. But Reason is not correct. Two or 
more circles are called concentric circles if and only 

if they have same centre but different radii. 
(c) Assertion is correct but Reason is false. 
(b) Both Assertion and | Reason is correct. 


—— . 


HOTS SUBJECTIVE QUESTIONS 


1. 


Z4- Z3 [Opposite angles of a || gm] eit 

Z4 + Z1 = 180° [Cyclic quadrilateral] 

». Z3+Z1=180° [Using (i)] ova Ali) 

Also Z2 + Z3 = 180° [Linear pair angles] „. (lii) 


From eq. (ii) and (iii) 


23+ Z1=22+ 23 
=> Z1=22 
= AE =AD 
Also AD = BC 
BC=8cm 
AE=8cm 
In A OCP 
ZOPC = 90° 
AP LBC 
ZOCP = 30? 
ZPOC = 90° — 30° = 60° 
DO 1 AP, 
ZDOP = 90? 
ZCOD = 90° — 60° = 30° 





aibi io AO abseits ea 
ZCBD = = COD [Angle subtended theorem] 


1 
aya 1% 309 9 159 
7 


` y=15° ZAOD = 90? 


^ ZABD = 5 ZAOD [Angle subtended theorem] 


ZABD = 59 ° = 45° 

In.A ABP, 

x+45° + y + 90° = 180° 

x +45° +15° + 90 = 180° 

x = 180° — 150° = 30° 

Join BC. We know that the angle made by an arc at the 


centre is twice the angle made by this arc at a point on the 
remaining part of the circle. 





^A LACB = = APB = TD 150? —75? 


Now, ACD being a straight line, we get 
ZACB + ZBCD = 180? [ Linear pair] 

ZBCD = 180° — ZACB = 180° “a = 105° 
Similarly, for second circle. 


ZBCD= ; reflex ZBQD 


=> 105° = E (360° — x)= x = 150° 

Hence, x = 150° 

Arc AD subtends ZAOD at the centre and ZABD at a point 
B on the remaining part of the circle. 


l x" 
. = OD = — 
<. ZABD 44 2 


Now, ZAEB 7 90? [ -. BD L AC] 
From AAEB, p? - 180* -( ZABE + ZAEB) 
+, p? = 180? — ( ZABD + ZAEB) 
0 o x 
= 180°- | =-+90°|=90°-— ^ 
2 2 


N 
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Again, arc AD subtends ZAOD at the centre and ZACD (iii) ZBOC- 2 ZBAC =2 ZDCA = ZDOA. 
at a point C of the circle. (iv) BC = AD since equal angles are subtended by equal 
^ ZACD = l 240D as —q- x chords. | 

2 r 2 . 2 jl 6. Given: Acyclic quadrilateral ABCD and angles ZP, ZQ, 
Now ZABC=90° [Angle in a semicircle] ZR and ZS are in the four external segments. 
= ZABE + ZCBE = 90° To Prove: ZP + ZQ *ZR + ZS = 6 right angles. 
=> ZABD + ZCBE = 90? Construction: Join SB and SC. 


zii t ZCBE =90° => ZCBE = 90° —— 
=> p? x um 
2 


Hence, p°=q° = 5 and ° = 90? -5 


5. Given ABCD is a trapezium in which AB || DC. 
Dorem 





PROOF : Since APBS is a cyclic quadrilateral and sum of 


opposite pairs of angles in a cyclic quadrilateral is 180° 
[M ^ Zl*ZP:-1809 às (3) 
Similarly, BQCS and CRDS are cyclic quadrilaterals 
A B ! «Z2 207180? ... (ii) 
and 23+ ZR= 180° sas (iii) 
_ ; Adding (i), (ii) and (iii), we get 
(1) te = ZDCA, because it is a pair of alternate | Z1+ZP+ Z2* ZQ^ Z3 — 180° + 180° + 180° 
— ai = ZP + ZQ* ZR*(Zl-* 22+ Z3) =3 x 180° 
(ii) ZDCA= —ZDOA (*- angle subtended by an arc at => ZP*ZQ*ZR-«ZS =6x 90° 
2 [. Z1+ 22+ Z3- ZS] 


the centre is double the angle subtended by it on the 
= LP +Z0+ ZR+ZS =6 right angles. 


remaining part of the cricle) 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 





CHAPTER 








—— ; INTRODUCTION 


The diagrams, which were necessary to prove theorems or solving the problems were not necessarily 
very accurate. They were drawn only to give you a feeling for the situation and as an add for proper 
reasoning: But many times, we heed to draw accurate figures. For examples to draw road map of a 
city, to draw layout plan of a building to draw a design of a vehicle etc. To draw such accurate figures, 
we must have some basic knowledge: of geometrical constructions, which is a process of drawing a 
geometrical figure using some geometrical instruments like graduated ruler, protector, compass, a pair 
of set-squares. 
In earlier classes, you have learned some simple geometrical constructions like drawing a line segment 
of a given measurement, making an anyle with the help of protector ete, In this chapter, you will learn 
some more basic geometrical constructions using ruler and compass with reasoning behind it, why 
these RC MM valid. 





» 
I 
I 
$ 
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TO CONSTRUCT THE BISECTOR OF AN ANGLE 
Given an ZAOB. We want to construct bisector of ZAOB. 


STEPS OF CONSTRUCTION 


(i) Taking O as centre and any suitable radius draw an arc as shown in the figure, 
which intersect the ray OA and OB at C and D respectively 
(ii) Taking C as centre and any suitable radius (> ;CD), draw an arc. 


(iii) Taking D as centre and same radius as in step-(ii), draw an arc intersecting 
the arc drawn in step (ii) at point E. 


(iv) Draw ray OE, which is required bisector of ZAOB, 
Justification | 
Join CE and DE 
In AOCE and AODE, 

OC = OD (radii of the same arc) 

CE = DE (arcs of equal radii) 

OE-OE . (common) 

AOCE=AODE (by SSS rule of congruency) 
ZCOE=ZDOE (CPCT) a 


TO CONSTRUCT THE PERPENDICULAR BISECTOR OF A GIVEN LINE SEGMENT 
Given a line segment AB. We want to construct perpendicular bisector of AB. 
STEPS OF CONSTRUCTION Nd 


(i) Taking A as centre and any suitable radius (^ % AB), draw two arcs, 
one on each side of AB. 


ee te, Y uo , 
4 er a 











(ii) Taking B as centre and same radius as in step (i), draw two more arcs, A 
one on each side of AB intersecting the previous arcs at P and Q. 

(iii) Join PQ which intersects AB at M. Then the line PQ is the required 
perpendicular bisector of line segment AB. 


Justification : 
Join AP, BP, AQ and BOQ. 


In AAPQ and ABPQ 
AP = BP (arcs of equal radii) 
AQ = BQ (arcs of equal radii) 
PQ = PQ (common) 
AAPQ = ABPQ (by SSS rule of congriency) 
A ZAPM = ZBPM (C.P.C.T,) 
In AAMP and ABMP 
AP = BP (arcs of equal radii) 
= MP ^. (common) 
ZAPM = ZBPM (proved above) 
AAMP = ABMP (by SAS rule of congruency) 
oi AM = BM (CPC.T,) 
And ZAMP = ZBMP (CPCT.) 
Now ZAMP + ZBMP = 180? (linear pair) 
2 ZAMP = 180° 
=> ZAMP = 90° 
=9 MP LAM = PỌ LAB. 


Therefore, the line PQ is the perpendicular bisector of the line segment AB, 


TO CONSTRUCT AN ANGLE OF 60° AT THE INITIAL POINT OF A GIVEN RAY 
Given a ray AB, we want to construct another ray AC such that < CAB = 60°. 
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CONSTRUCTIONS . i I ee a ouc 
STEPS OF CONSTRUCTION C 
(i) Taking A as centre and any suitable radius, draw an are to intersect 
the ray AB at D. 
(i) Taking D as centre and same radius as in step (i), draw another arc | 
to intersect the previous arc at £. 5 


(iii) Draw ray AC passi ng through E. Then ZCAB = 60°. 
Justification : 
Join DE. 
Then AD = AE = DE D B 
AADE is equilateral => ZEAD = 60° 
ZCAB = 60° 


TO SONSTRUET A TRIANGLE GIVEN ITS BASE, A BASE ANGLE AND SUM OF OTHER TWO 
SIDES 


Given the base BC, a base angle, say ZB and the sum (AB + AC) we want to construct AABC. 


STEPS OF CONSTRUCTION : 


(i) Draw the base BC and draw a ray BX such that ZCBX equal to given angle. 


(ii) Taking B as centre and radius equal to (AB + AC), draw an arc intersecting 
the ray BX at D. 


(iii) Join CD. 
(iv) Draw ray CY, which intersects ray AX at A such that ZACD = ZADC 
Then AABC is the required triangle 


Justification : 





Base BC and ZB are drawn as given B C 
Now in AACD, 7 
ZACD = ZADC (By construction) 
AC = AD (Sides opposite to equal angles in a triangle are equal) 
Now AB = BD— AD 
— BD— AC 


= AB-*AC-BD 
Alternative Method of Construction 
(i), (ii), (iii) Follow the first three steps of construction given above. 
| Then draw perpendicular bisector PQ of CD to intersect BD 
at a point A. 
(iv) Join AC. Then AABC is the required triangle. 
Justification : 
Since A lies on the perpendicular bisector of CD, 
Therefore AC = AD. 
=> AB+AC=AD 





T The construction of any triangle is not possible if sum of its any two ied is equal l 
; or less tah the third remaining side. i 





Illustration 1 : Construct AABC such that BC = 3.5 cm, AB + AC = 5.2 cm and ZB = 60°. 


STEPS OF CONSTRUCTION : 

(i) Draw BC 2 3.5cm 

(ii) At B, construct ZCBP = 60° 

(iii) From ray BP, cut off BD = 5.2cm 

(iv) Join CD and draw its perpendicular bisector to intersect BD at A. 
(v) Join AC. Then, ABC is the required triangle. 


B 3.5 cm C 
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TO CONSTRUCT A TRIANGLE GIVEN ITS BASE, A BASE ANGLE 
AND THE DIFFERENCE OF THE OTHER TWO SIDES 


Given the base BC, a base angle, say ZB and the difference of other two 
sides AB — AC or AC — AB. We want to construct the A4BC. 


Case-l : Let AB > AC that is AB — AC is given. 
STEPS OF CONSTRUCTION : 


(i) Draw the base BC and a ray BY such that ZCBX equal to the given angle. 
(ii) Taking B as centre and radius equal to (AB — AC), draw an arc 
intersecting the ray BY at point D. 
(iii) Join DC 
(iv) Draw the perpendicular bisector PO of line segment CD, which intersects 
the ray BY at 4. 
(v) Join 4C. 
Then AABC is the required triangle. 
Justification : 
Base pe: sem -i BX are drawn as given. The point 4 lies on the perpendicular bisector of DC. 
Now BD = AB — AD 
=> BD=AB-AC [^ AC=AD] 





Case-Il : Let AB < AC that is AC — AB is given. 

STEPS OF CONSTRUCTION ; 

(i) Draw base BC and a line XY passing through the point B as shown in the figure. 
such that ZCBX is equal to the given angle. 

(ii) Taking B as centre and radius (4C — AB), draw an arc intersecting the ray BY at 
point D (on opposite side of point X with respect to BC). 

(iii) Join DC. 

(iv) Draw perpendicular bisector PO of CD, which intersects BX at 4. 

(v) Join AC. 
Then AABC is the required triangle. 

Justification : 

Base BC and ZB arc drawn as given. The point A lies on the 

perpendicular bisector of CD. 

. AC=AD 
Now BD = AD — AB 
=> BD=AC-AB 








Illustration 2 : Construct a AABC, given that BC = 4.6 cm, AC- AB = 2.2 cm and ZB = 45° 


STEPS OF CONSTRUCTION : 
(i) Draw BC=4.6cm. 
(ii) Draw ray XY, passing through the point B as shown, such that ZCBY = 45° 
(iii) With B as centre and radius 2.2 cm draw an arc to intersect ray BY at D. 
(iv) Join DC and draw its perpendicular bisector to intersect ray B.V at 4. 
(v) Join CA. Then, ABC is the required triangle. 
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TO CONSTRUCT A TRIANGLE, GIVEN ITS PERIMETER AND ITS TWO BASE ANGLES 
Given the base angles, say ZB & ZC and AB + BC + CA, we want to construct the triangle ABC. 

STEPS OF CONSTRUCTION 

(i) Draw a line segment, say XY equal to AB + BC + CA. 

(ii) Draw ray XL and YM such that ZLXY equal to ZB and ZMYX equal to ZC. 
(iii) Bisect ZLXY and ZMYX. Let these bisectors intersect at a point A. 

(iv) Draw perpendicular bisectors PQ of AX and RS of AY. 

(v) Let PQ intersect XY at B and RS intersect XY at C. Join AB and AC. 


L 





Then ABC is the required triangle. 
. Justification : 
`B lies on the perpendicular bisector PQ of AX. 
Therefore, XB = AB and similarly, CY = AC. 
This gives BC + CA + AB = BC + XB + CY = XY. 


Again ZBAX= ZAXB | (Asin A AXB, AB = XB) and ZABC = ZBAX + ZAXB =2 ZAXB = ZLXY 
Similarly, ZACB = ZMYX as required. — ' 


Illustration 3 : Construct a A4BC such that ZB = 60°, ZC = 45° and its perimeter = 11.5 cm. Justify your construction. 





STEPS OF CONSTRUCTION : 
(i) Draw DE=11.5 cm 


(ii) At D, construct ZEDP = 2 of 60° = 30° and at E, construct ZDEQ = ⁄ of 45° = 22⁄9, 
(iii) Letrays DP and EQ meet at A. ^ 
(iv) Draw perpendicular bisector of 4D to meet DE at B. 
(v) Draw perpendicular bisector of AE to meet DE at C. 
(vi) Join AB and AC. Then, ABC is the required triangle. 
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MISCELLANEOUS 


Construct a triangle ABC, in which BC = 3.5 cm, ZB = 30? and AB + AC = 64 cm 
STEP OF CONSTRUCTION : 7 
(i) Draw BC=3.5 cm. 
(ii) Draw ZCBX = 30? 
| (iii) From ray BX, cut-off line segment BD equal to AB + AC i.e. 6.4 cm. 
- (iv) Join CD. 
(v) Draw the perpendicular bisector of CD meeting BD at A. 
(vi) Join CA to obtain the required triangle ABC. 
Hence, AABC is the required triangle. B 





G 





Construct an angle of 90° at the initial point of a given ray and justify your construction. 
STEPS OF CONSTRUCTION : | 
(i) Draw a ray AB. 


(ii) Taking A as centre and any convenient radius, draw an arc as shown intersecting 


AB at C. 

(iii) Taking C as centre and radius = AC, draw an arc intersecting the arc draw on 
step (ii) at D. 

(iv) Again taking D as centre and same radius — AC, draw an arc intersecting the 
first arc at E. 


(v) Again taking D and E as centres and radius > / DE, draw two arcs intersecting 
each other at K. 


(vi) Join AK. 
(vii) ZBAK = 90? 





Justification : 

Clearly arc CD makes an angle of 60° at A and arc DE also makes an angle of 60° at A. Since M is the mid-point of ED. 
MD makes an angle of 30? at A. 

Hence, ZBAK = 90°. ial 


Construct the angles of the following measurements: 
(a) 30° (b 224? (c) 15° 
STEPS OF CONSTRUCTION : ` 
(a) (i) DrawA ray AB of any suitable length. 
(ii) Taking A as centre and any suitable radius, draw an arc which intersects 
ray AB at C. | 
(iii) Taking C as centre and radius = AC, draw an arc which intersects the 
previous arc at D. K 
(iv) Taking C and D as centre and radius > % CD draw two arcs intersecting 
each other at K. 
Now ZBAK - 30? A C B 
(b) (i) Draw a ray AB. 
(ii) Taking A as centre and with any suitable radius draw an arc intersecting 
AB at C. 
(iii) Taking Cas centre and radius = AC, draw an arc such that it intersects the 
previous arc at D. 
Now ZBAD - 60? 
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(iv) Taking C and D as centres and radius > CD draw two arcs intersecting 
each other at P. Join AP, which intersects the arc CD at E. 
Now ZBAP = 30? 

(v) Taking D and E as centres and radius > '4 ED draw two arcs intersect- 
ing each other at Q. Join AQ, which intersects arc CD at F. 


(vi) Taking C and F as centres and radius > '^ CF draw two arcs intersecting 
each other at R. Join AR. 


Now ZBAR = 2245, 
(c) (i) Draw a ray AB. 

(ii) Taking A as centre and with any convenient radius draw an arc intersect- 
ing ray AB at C. 

(iii) Taking C as centre and radius = AC, draw an arc such that it intersects the 
previous arc at D. 
Now ZBAD - 60? 

(iv) Taking C and D as centres and radius > 4 CD draw two arcs intersecting 
each other at P. Join AP, which intersects the arc CD at E. 
Now, ZBAP = 30° 

(v) With C and E as centres and radius > 2 CE draw two arcs intersecting 
each other at Q. Join AQ. 
Now, ZBAQ =15° 





Construct an equilateral triangle, given its side 5 cm and justify the construction. - A 
STEPS OF CONSTRUCTION : 
(i) Draw BC=5cm 
(ii) Taking B and C as centres and radius of length 5 cm, draw two arcs intersecting each other at A. 
(iii) Join AB and AC 

^. AABC is the required equilateral triangle. 
Justification : 
Since the three sides T 

AB = BC = CA = 5 cm 
Thus AABC is an equilateral triangle. 


5 cm 5 cm 





Construct a right triangle whose base is 12 cm and sum of its 
hypotenuse and other side is 18 cm. 


STEPS OF CONSTRUCTIONS : 
(i) Draw BC of length 12 cm. 
(ii) AtB, draw ZCBK = 90° 
(iii) Along BK, cut off BY of length 18 cm. Join C to Y. 
(iv) Draw the right bisectors of CY, which meet BY at A. 
(v) Join A and C. 

AABC is the required triangle. 


Construct a right triangle when one side is 3.5 cm and the sum of 
the other side and hypotenuse is 5.5. cm. 
STEPS OF CONSTRUCTION : 
(i) Draw BC of length 3.5 cm. 
(ii) At B, construct ZCBX = 90? 
(iii) From BX, cut off BM of length 5.5 cm. 
(iv) Join Cto M - 
(v) D erpendicular bisector of CM, let the bisector meet BM at A. 
(vi) Jo? "i to C. 
Thus AABC is the required right triangle. 





Uf 
og 


3.5 cm 
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^ n 
Construct à triangle, whose perimeter is 12 em and the ratio between His sides me rd i5, 





STEPS OF CONSTRUCTION : 

(D Drawa lHinessegment 0 ot length 1) vm. 

(Brom 2^, draw a ray V ma ing an aee angle with KU 

(Qi) Sum ofthe ratio = 314 1/814 

QV). Mark points Ay Ms sss Aya 
on ray AAY sueh that PV, 9 VV eV | <= U 
Meca. i XC 

(8). Join A, to Q. Brom the point V, and NV, draw Vs AU! VEN a O 

(vi) Taking 4 as contre and AP as radius, draw an are, 

tvii) Taking & as centre and AO as radius, draw another are whieh intersects the previous ure of Y y O 


step (vl) at C 


(Vili) Join AC and BC, Then, ABC ls the roquired tanmple 


Construct a right triangle with perimeter 03 em nnd one angle of MI", 
STEPS OF CONSTRUCTION :; 


(i) 
(ii) 
(iit) 
(iv) 
(v) 


Draw VY ol length 13 em, 

Draw PN) = M and z XQ = 90 

Draw bisector of AVY and 6 VEO meetin: vach other at d 

Draw right biseetors o£ 4 V and. Qo whieh meets Vat A amt C respectively, 
Jom AB and AC, 


AARC is the required triangle \ 
A 
Q 
pP 
LA 2 \ 
\ B C Y 


TEMPE Construct an equilateral triangle with perimeter 16 em. 


STEPS OF CONSTRUCTION : 


(i) 
(t) 
(iti) 
(iv) 
(\) 


din. 


Draw VY of length 16 cm 
Draw ZPYY = 60? and < VO- 60 
Draw bisectors of ^V) and AAYO meeting cach other at. f. 
Draw right bisectors of LV and 4) meeting VY at 8 and C respectively. 
Jom AR and AC 
MBC is the required equilateral triangle, 
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Fal KY V eue "ant hy avo. 
hi Filin the Blanko > 


DAT ts VAY» 


RS PPS cin eet ipta siet RR 
DIRECTIONS: Study the diagram given below and steps of 


construction carefully, Compare them and fill suitable words or 
numbers in the blank boxes. 





Construction of a triangle ABC in which Z B = 60°, Z C = 45" 
and perimeter = 11 cm. 





STEPS OF CONSTRUCTION 
l. Draw a line seqment PQ =( 





)em. (= AB + BC + CA). 





2. At (———-) construct an angle of 60° and at Q, an angle 
of ( 
3. Bisect these angles. Let the bisectors of these ungles 


). 





intersect at a point ( 

















4. Draw perpendicular bisectors DE of ( ) to intersect 
( ) at B and FG of AQ to intersect PQ at ( ). 
5. Join ¢ ) and ( ). Thus, ( ) is the 





required triangle. 
oie gk tee enpre pst 2 dai PHA RE t " 
Wu Tue /False pen puis 
Par hte ‘ ; " ve ee a , vaL bi Es 


DIRECTIONS: Read the following statements and write your 
answer as (rue or false. 








l. An angle of 52.5? can be constructed. 

An angle of 42.5? can be constructed. 

A triangle ABC can be constructed in which AB = 5 cm, 
ZA = 45? and BC + AC = 5 cm. 


w M 


[ » 


A triangle ABC can be constructed in which BC = 6 cm, 
ZC = 30° and AC- AB =4 cm, 

5. A triangle ABC can be constructed in which ZB = 105°, 
ZC = 90? and AB + BC + AC = 10 cm. 

6. A triangle ABC can be constructed in which ZB = 60^, 


ZC = 45° and AB + BC + AC = 12 cm. 


DIRECTIONS: Give answer in 2-3 sentences. 








1. Construct an angle of 45° at the initial point of a given ray 
and justify the construction. 


2. Construct a triangle YYZ in which Y = 30°, Z = 90° and 
XY + YZ + ZX = 11 cm. 
3. Construct A ABC where BC = 4.5 cm, AB = 3.5 cm and 


ZB = 45°. 
Uri Long, Answer Questions ` 


DIRECTIONS: Give answer in four to five sentences. 








|. Construct a perpendicular bisector of a line segment of 
length 6 cm. Write the steps of construction and also jus- 
tify your construction. 

2. Construct a triangle ABC where base BC = 6 cm, Z ABC = 
60° and AB + AC = 7 cm. Justify your construction. 

3. Construct a triangle ABC in which 4B = 5.8 cm, 
BC + CA = 8.4 cm and ZB = 60°. 
Justify your construction. 

4.  Constructa A ABC in which BC - 5. 6 cm, AC — AB 7 1.6 
cm and ZB = 45°. 
Justify your construction. 

5. Construct an equilateral triangle if its altitude is 6 cm. 
Give justification for your construction. 

6. Construct a right triangle in which one side is 3.5 cm and 


sum of the other side and hypotenuse is 5.5 cm. 
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EXERCISE - I 2. Steps of Construction : 
FILL IN THE BLANKS (i) Draw a line segment AB = XY + YZ + ZX (= 11 cm). 
1 11 (ii) Draw ZLAB = 30° and MBA = 90°. 
2. p.45" (iii) Draw bisectors of the angle LAB and angle MBA, which 
3, A meet at a point X. 
& AP,POG.C 
5. AB, AC, ABC 
TRUE/FALSE 


1. Truc. As 52.5? = a and 210° = 180° + 30° which can 


be constructed. 


2. False. As 42.5? = '4 x 85? and 85? cannot be constructed. 
3. False. As BC * AC must be greater than AB which is not 





4. ce As AC - AB < BC. i.e., AC < AB + BC. N (iv) Draw perpendicular bisectors DE of YA and FG of 

5. False. As ZB + ZC = 105? + 90° = 195° > 180° XB. 

6. True. As ZB + ZC = 60° + 45° = 105? < [80° (v) Let DE intersects AB at Y and FG intersects AB at Z. 
Join XY and XZ, 

SHORT ANSWER en Then, XYZ is the required triangle. 

I. "ud - einn gn . 3. Steps of Construction 


(ii) Take B as centre and any radius, draw an arc which 0) Draw ait 4.5 em. 
intersects AB at C... (11) At the point B, draw ray BX, such that ZCBX = 90? 


(iii) Draw the bisector BD of ZCBX. 


(iv) With B as centre and taking a radius of 3.5 cm, draw 
an arc, intersecting BD at A. 


(v) Join BA and AC. ABC is the required triangle. 


P 
X 





(iii) Again take C as center and radius = BC, draw an arc 
which is intersects the are drawn in step (ii) at D. 
(iv) Again take D as centre and radius as BC, draw an arc 
intersecting the arc drawn in step (ii) at E. 
(v) Now With D and E as centres and radius > 5 ED, draw H C 
two arcs which intersects cach other at K . Join KB. 
Also let BK intersect the arc ED at G. LONG ANSWER QUESTIONS 
Now, ZABK = 90° l. 


(vi) Take G and C as centre and radius > 4 CG draw two 


arcs, which intersects each other at P, (ii) Taking A and B as centres and radius more than 


Join BP. AAB, draw arcs on both sides of the line segment AU 
^. ZABP = 45° (:o intersect each other), 


Steps of Construction: 
(1) Draw a line segment AB of length 6 cm. 
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(iv) Join DC and make an angle DCX equal to BDC. 

(v) Let CX intersect BY at A. 

(vi) Thus ABC is the required triangle where BA + AC = 
7 cm. 


Justification: 
First base BC and Z B are drawn as given in figure. 
Now, in A ACD 
Z ACD = Z ADC (By construction) 
AC-AD 
Now, AB = BD- AD = BD - AC 
=> AB-*AC-BD 


3. Steps of Construction : 








(iii) Let these arcs intersect cach other at P and Q. Join (i) Draw AB = 5.8 cm 
PQ. (ii) Draw ZABX = 60° 
(iv) Let PQ intersect AB at the point M. Then line PMO is (iii) From ray BX, cut off line segment 
the required perpendicular bisector of AB. BD = BC + CA = 8.4 cm. 

Justification: (iv) Join AD 

Join A and B to both P and Q to form AP, AQ, BP and 

BQ. 

In triangles PAO and PBO, 

AP = BP (Arcs of egual radii) 
AQ = BỌ (Arcs offequal radii) 

PQ=PQ (comnfon) 

Therefore, AAPQ = ABPQ issyule) 

So, ZAPQ- ZBPQ 

or ZAPM = ZBPM (C.PC.T.) 

Now in triangles PMA and PMB, 

AP = BP (As before) 

PM = PM (Common) A 58 B 

ZAPM = ZBPM (Proved above) ids 

Therefore, APMA = APMB (SAS rule) (v) Draw the perpendicular bisector of AD meeting BD 
So, AM = BM and ZAMP = ZBMP (C.P.C.T.) at C. 

As ZAMP + ZBMP = 180? (Linear pair axiom) (vi) Join AC to obtain the required triangle ABC. 

we get ZAMP + ZAMP = 180° Justification : ; 

= ZAMP = 90° Clearly, C lies on the perpendicular bisector of AD 
Therefore, PM, that is PMQ is the perpendicular bisector p € te CD pm — 
of AB. *. Now, BD = 8.4 cm 


2. Steps of construction : dd caes: 
(i) Draw the base BC= 6 cm. os fien ua E 
(ii) Using ruler and compass, draw an angle YBC of 60? - cm 
at B l Hence, AABC is the required triangle. 


4. Steps of Construction 


at, 





s 6 cm d (i) Draw BC = 5.6 cm 


(iii) Cut BD equal to BA + AC = 7 cm from the ray BY. (ii) AtB, construct ZCBX = 45? 
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| (iii) Produce XB to X' to form line X BX’ 

(iv) From ray BX', cut-off line segment BD - 1.6 cm 
(v) Join CD 

(1) Drawaline XY. 

(ii) Take any point D on this line. 


Similarly Z ACB = 60° 

Hence AABC is an equilateral triangle with altitude 
AD = 6 cm. 

Given one side = 3.5 cm and sum of other side and hypot- 
enuse = 5.5 cm. 


(iii) Construct perpendicular PD on XY. 

(iv) Cut a line segment AD from D equal to 6 cm. 

(v) Make angles equal to 30? at A on both sides of AD, 
say ZCAD and ZBAD where B and C lie on XY. Then 
ABC is the required triangle. 

(vi) Draw perpendicular bisector of CD, which intersects 
XX" at point A. Join A to C. 


r 





P 
A 
B C 
Steps of Construction : 
(i) Draw line segment BC = 3.5 cm. 
(ii) Construct ZXBY = 90°. 
(iii) From BY cut off a line segment BD = 5.5 cm 
X B C Y (iv) Join CD. 
Justification: (v) Draw the perpendicular bisector of CD intersecting 
Since ZBAC = 30° + 30° = 60? and AD L BC. In AABD, , SARA NTA. 
Z BAD = 30 and ZADB = 90° U RA, 


^. Z ABD = 60°, i.e. ZABC = 60° So, AABC is the required triangle. 
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CHAPTER 





Area of Parallelograms & Triangles, 
Heron's Formula, Surface Area and Volume of Solids 











INTRODUCTION 


You may recall that the partofthe plane enclosed by asimple figure is calleda planar region corresponding 
to that figure the magnitude or measure of this planar region is called its area. You are also familiar with 
the concept of congruent figures. , _ 


In this chapter, you will learn to find the areas of different plane figures, such as triangle, rectangle, 
parallelogram etc by studying some relationship between the areas of these figures under the condition 
when they lie on the same base and between the same parallels lines. 


In this chapter, you will also study the Herons Formula to find the area of any tilángle whose all 
the three sides are given and forms to find the surface area & volume of some solid: cube, cuboid, 
cylinder, sphere and cone. | 
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GRAMS AND TRIANGLES, HERON'S FORMU 
FIGURES ON THE SAME BASE AND BETWEEN THE SAME PARALLEL LINES 


Two figures are said to be on the same base and between the same parallel lines, if they have a common base (or side) and their 
vertices opposite to the common base lie on a same line parallel to the base. Look at the figures: 


(i) B A B 


(ii) i (iii) 
In fig (i) trapezium ABCD and parallelogram ABEF ‘ve on the same base AB. Besides these, the vertices C and D of trapezium 
ABCD opposite to base AB and the vertices E and F of rirallelogram ABEF opposite to base AB lie on a line DE parallel to AB. So 
we can say that trapezium ABCD and parallelogram ABE# are on the same base AB and between the same pair of parallel lines AB 
and DE. Similarly in fig.(ii), triangle ABC and ABD are ou the same base AB and lie between the same parallel lines AB and CD. 
Also in fig. (iii) parallelogram ABCD and triangle ABE are on the same base AB and between the same parallel lines AB and DE. 





Now AABC and AADB in fig (iv) have no common base. Also in fig. (v) AABC and parallelogram. PQRS are not on the same base. 
A D 





B (iv) = (v) 5 


THEOREM 1 : A diagonal of parallelogram divides it into two triangles of equal area. 


Given : A parallelogram ABCD in which BD is one of its diagonals, side AB || CD and BC || AD. 
To Prove : Area of A ABD = area of ABCD | D e 


PROOF : In A ABD and ABCD, 


AB- CD (opp. sides ofa || gm) 
AD=CB (opp. sides ofa || gm) 
. BD=BD (common side) 
: A ABD Z= ^ CDB [By SSS congruent Rule] 
area of A ABD = area of A BCD [congruent area Axiom] A B 
THEOREM 2 : Parallelograms on the same (or equal) base and between the same parallel lines are equal in area. 


Given : Two parallelograms ABCD and ABEF, which have the same base AB and which are between the same parallel lines AB 
and FC. | 


To Prove : Area of || gm BCD = are of || gn ABEF 
PROOF : In A ADF and ABCE A D_E C 
AD — BC [opp. sides of a || gm] 
AF =BE  [opp. sides of a ||gm] 
Also, AD || BC and AF || BE 
So the angle between AD and AF is equal to the angle between BC and BE. 
ie. Z DAF = Z CBE | l 
| A ADF =A BCE [By SAS congruent Rule] 
| af A area A ADF = area A BCE [By congruent area Axom] (1) 
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Now, area || gm ABCD = area (D ABED) + (ABCE) 

= area ( O ABED) + area (AADF) [Using (i)] 

area (|| gm ABCD) = area (|| gm ABEF) 
Corollary : A parallelogram and a rectangle on the same base and between the same parallel lines are equal in arca. Since a 
rectangle is also a parallelogram. So, the result is a direct consequence of the above theorem, 
THEOREM-3 : If a triangle and a parallelogram are on the same (or equal) base and between the same parallels lines, then 
prove that area of the triangle is equal to half the area of the parallelogram. P D Q C 


Given : A ABP and || gm ABCD be on the same base AB and between the same 
parallel lines AB and PC (See fig.) 


| 
To Prove : Arca of A PAB = area of || gm ABCD 


Construction : From B, draw BQ || AP 


. A 
PROOF : Since AB || PQ and AP || BQ, therefore ABOP is parallelogram. i 


Now parallelogram ABQP and ABCD are on the same base AB and between the same parallels AB and PC.n 


area of || gm 4BQP = area of || gm ABCD (i) 
Since diagonal PB divides || gm ABQP in to two triangles of equal areas (Theorem-2). 
Area of APAB = area of A BOP (Hl) 


Now area of || gm ABQP = area of A PAB + area of A BOP 
= 2 x area of A PAB [from (ii)] 


1 
Area of A PAB = 2 area of || gm ABOP 


l 
= area of A PAB = 5a of || gm ABCD 


THEOREM 4 : Two triangles on the same base (or equal bases) and between the same parallels are equal in area. 
Given : A ABC and APBC are on the same base BC and between the same parallel lines BC and AP. 
D A P Q 





To Prove : Area of A ABC = area of A PBC 
Construction : Through B, draw BD || CA intersecting PA produced at D and through C, draw CQ || BP intersecting AP produced 


in Q. 
PROOF : We have 
BD || CA [By construction] 
BC || DA [Given] " 
BCAD is a parallelogram. 


Similar BCQP is a parallelogram. 
Now, || gm BCQP and BCAD are on the same base BC and lie between the same parallel lines BC and DQ, 


area of (|| gm BCQP) = area of (|| gm BCAD) (1) 
We know that the diagonals of a || gm divides it into two triangles of equal area. [By theorem-1] 


l " 
Area of (A PBC) = 7 area of (|| gm BCQP)  . .. (ii) 


l - 
and area of (A ABC) = 7 area of (|| gm BCAD) (iit) 
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Now arca of (|| gm BCQP) = area of (|| gm BCAD) [from (i)] 
| 
QS of (|| gm 5 CQP) - > arca of (|| zm BCAD) 
area of AABC = arca of APBC [From (ii) and (iii)] 
HERON’S FORMULA 


This is used to find the area of any type of triangle if we know the length of its all sides. 


l 
We know that the area of a triangle = 5” base x height (or altitude) 


In some cases. length of each side of the triangle are 


given but height of the triangle is neither given nor we are able to find in any 
way, then to find the area of such type of triangle, we 


use Heron's formula which is given below. 
Area of a triangle = Vs(s—a)(s—b\(s— c) 
Where a, b, c are length of the sides of a triangle and s is the semi-perimeter of the triangle 


: a+b+c 
le, § = ———— 


llustration 1 : Find the area of a triangle, length of whose sides are 3cm, 4cm, and 5cm. 


SOLUTION : We have a = 3cm, b = 4cm, c = Sem 


_ at+b+c 34+4+5 
Sz S arr rc ementi im Gy 


2 2 


ar (A ABC) = 4s(s - aKs - b(s—c) 
= /6x(6-3)(6—4)(6—5) = /6x3x2x1cm? = J36 - Gem? 


Illustration 2 : Find the area of an equilateral triangle having each side's length 4 cm. 





SOLUTION : a- b- c- A cm 


.04b*6 | THERE d 
2 2 , 








Area of a triangle by Heron's formula 


= Js(s -ays -by(s- c) 


= /6(6-4)(6-4)(6—4) = V6x2x2x2 
ax J/48 7 J4x4x3 = 445 cm? 


APPLICATION OF HERON'S FORMULA IN FINDING 
AREAS OF QUADRILATERALS 


To find the area of a quadrilateral we divide it in triangular parts and then usc the formula for area 
of the triangle. We add the area of divided triangle to get the area of whole quadrilateral, 


llustration 3 : Find the area of a quadrilateral ABCD in which AB =3 cm, BC = 4 cm, 
CD = 4 cm, DA = 5 cm and AC = 5 cm. 


SOLUTION : We divide the quadrilateral ABCD in two triangle ABC and ACD. 
For A ABC, a=3,b=4,c=5 


s= oe 
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Area (AABC) = Vs(s —ays-bys-oc) 
= J6(6 -3X6 - 46 — 5) = J6x3x2x1 26cm? 


Similarly, for A4CD, 
a-5cm,b-5cm,c-4cm 
- 54544 


S 





cm = 7cm 


Area (A ACD) = [fs(s-aXs-bXs-c¢) = J11 -5X1-5X7-4) = J1x2x2x3 = 2V21 cm? 


2 
Area of quadrilateral ABCD = Area of triangle ABC + Area of triangle ACD = 6 cm? + 2/21 cm 
PUL area of c XA EPONE AVIS TEE YATES RIS V td C nr Gide FA A 
^. SURFACE AREAS AND VOLUME OF SOLIDS. 
QUT IS EE hir ni ILC pue 020A Jap ami ri igo gi Uu. CO QUEDA A GREEN. Mr DIU AER 


In this part of the chapter, you will study about some solids: cuboid, cube, cylinder, cone, sphere, hemisphere and the formula to the 
surface area and volume of these solids. 


H G 
CUBOID Sa NO 


It is a solid bounded by a six rectangular plane regions (or surfaces). 
A cuboid is also called a rectangular parallelopiped. 


Faces : Cuboid ABCDEFGH is bounded by six rectangular plane regions namely h 
ABCD, EFGH, ADEH, BCFG, ABGH and CDEF. E <j; X 


These six rectangular plane regions are six faces of the cuboid ABGH and CDEF are the D ; C 
top and bottom faces respectively. Hence a cuboid has six faces. 


Edges : Any two adjacent faces of a cuboid meet in a line segment, which is called an edge of the cuboid. in the above fig. AB. AD, 
AH. HD, HE, HG, GE. BG, FE, BC. CF. DE and CD are 12 edges of the cuboid. Hence a cuboid has 12 edges. 


Vertices : The point of intersection of three edges of a cuboid is called a vertex of the cuboid. In the fig. We have 8 vertices which 
are A, B, C, D, E, F, Gand H. | 
Lateral Faces : All the faces -xcept the top and bottom faces are called the lateral faces of a cuboid. 


SURFACE AREA OF A CUBOID 


Consider a cuboid of len: th / cm, breadth b cm and height / cm. l | 
Total surface area of a ci.boid, is equal to the sum of area of all the six faces of the cuboid. 
Total surface area of a cuboid = Area of face ABCD + Area of face EFGH + area of face DCFE + area of face ABGH + area of face 


FCBG + area of face .1//7 
-(xhi-Q0xh-uüx b) - (x b) * (b x h) * (b x h) 
=2(ln+ bh-* Ih - 2 (Ih + bh + hl) 
= 2 [length x breadth + breadth * height + height x length] 
Lateral surface of a cuboid = Area of face ABCD + Area of face EFGH + area of FCBG + area of AHED 
= (Lx h) + (x h) + (bx h) (b x h) 
= 2(xh*bxh)-2(Il*b)xh 
= 2 (length + Breadth) x height 


DIAGONAL OF THE CUBOID AND CUBE 


AF. HC, BE, GD are the diagonals of the cuboid 
AF? = AD? + DF? 
=h? +P +b? 
AF = JP +b? +h? 
Similarly length of each diagonal = VI? +b? +h? 
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VOLUME OF A CUBOID 


As we know that the volume of a solid object is the measure of the space occupied by it and the capacity of an object is the volume 
of the substance that can accomodate in its interior. l 
Volume of a cuboid = space occupied by the cuboid 
= Area of the base x height 
=(/x b) x h= lbh 
Volume of the cuboid = length x Breadth x Height 


" X Su ta f = 





e 
t 
l 
`t 


A Cuboid whose edges are equal i.e. its length, breadth and height are equal is calleda — 
cube. Each face of cube is a square and area of these squares are equal. 
Foracube,/=b=h 


Total surfaces area of a cube = 2 (1x / +7 x 1+ 1x 1) 2612-6 x (Edge) 
Lateral surface of a cube = 2 (1x /+/x 1) 2 2 (È+ 2)» 42 - 4 (Edge)? 
Length of a diagonal of the cube = J12 +)? +7? = 31 

Volume of the cube = / x / x / = |? = (Edge)? 





llustration 4 : Find the surface area of a chalk box whose length, breadth and height are 16 cm, Scm and 6 cm, 
respectively 


SOLUTION 

Clearly, a chalk box is in the form of a cuboid. 

Here, /= 16cm, b= 8 cm and / = 6 cm 

Surface area of the cuboid = 2 (lb + bh + Ih) =2 (16 x 8 +8 x 6 + 16x 6) cm? 


= 2 (128 + 48 + 96) cm? = 544 cm? 
Illustration 5 : Find the surface area of a cube whose edge is 11 cm 


SOLUTION 
We know that the surface area of a cube = 6 (Edge)? 
Here, edge = 11 cm 
Surface area of the given cube = 6x (11)? cm? = (6 x 121) cm? = 726 cm? 
Illustration 6 : Three cubes each of side 5 cm are joined end to end, Find the surface area of the resulting cuboid, 
SOLUTION 
The dimensions of the cuboid so formed are 
| = Length = 15 cm, b = Breadth = 5cm, and // = Height = 5 cm. 


mm 
5 cm 5 cm 
eh — aie —— —— — n4 


5 cm 


5cm 


So, surface area of the cuboid = 2 (15x5 *5x5415x S)cm? -2 (75 + 25 +75) cn? = 350 en? 
RIGHT CIRCULAR CYLINDER 


A solid like measuring jars, circular pillars, circular pipes etc., whose cross section is uniform and circular, are examples of circular 
cylinder. Cylinders have a curved (lateral) surface with congruent circular ends. Some times lower circular end is called the hase of 
the cylinder and upper circular end is called the top of the cylinder. The line joining the centres of the circular ends of à eviinder is 
called its axis. In figure, OO' is the axis of the cylinder. If the axis is perpendicular to the circular ends then evlinder is called ryt 
circular cylinder. In this chapter you will study about right circular cylinder only, Hence a right circular cylinder is simply called 
cylinder. 
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A right circular cylinder may also be considered as a solid generated by the revolution of 


A ar 0 > 
a rectangle about one of its sides. t 19 2 Soul 


Thus, if a rectangle OO'BA revolves about its side OO' and completes one revolution to 


arrive at its initial position, a right circular cylinder will be generated whose axis is OO' S 
and radius AO = BO' = r (say). The length of the axis OO' between the centres is called B 
the length or the height (/7) of the cylinder. - 
C o wee 
SURFACE AREA OF A RIGHT CIRCULAR CYLINDER : 


Consider a right circular cylinder of height ‘h’ and radius ‘r’. jAxis 
We can form curved surface of a right circular cylinder by folding a rectangular sheet as given Re: | 
The area of the sheet gives us the curved surface area of the cylinder. Note that the length (/) of the sheet is equal to the circumference 


of the circular base which is equal to 27u: 
So, curved surface area of the cylinder = Area of the rectangular sheet l h 
=] x h = perimeter of the base of cylinder x h C D — 
` =2nr x h=2nrh 3 
Curved surface Area of a cylinder = 21rh , d 
Total surface Area of the cylinder = curved surface + Area of two circular ends 


=2nrh + 20r? = 2nr (h +r) 


SURFACE AREA OF A RIGHT CIRCULAR HOLLOW CYLINDER (C 0 
A solid bounded by two coaxial cylinders of the same height and different radii is called a hollow grace 
cylinder. 


Examples : Iron pipes, rubber tubes etc. 


Let we have a hollow cylinder as shown in the figure having internal and external radii as r and R 
respectively. / is the height of this cylinder. 
Base area = nR? — m7 = n(R? - P2) 
Curved (lateral) Surface area — external surface area + internal surface area —— 
= 2nRh + 2nrh = 2nh(R + r) (= 
Total Surface Area = curved surface area +2 (area of base) 
= 2nRh+2nrh + 2n(R?- r°) 
=2n(R+nh+2n(R—-r)(Rt+r)=2n(R+r)(h+R-r) 


VOLUME OF A RIGHT CIRCULAR CYLINDER 
Just as a cuboid, of the right circular cylinder, volume = Area of the Base x height = (nr?) x h = mh 
Volume = nr?h 


~ 


VOLUME OF A HOLLOW CYLINDER 


Volume of the material 
= Exterior volume — Interior volume 


= nR?h - nr?h 

= n(R?-r*)h 
llustration 7 : The curved surface area of a right circular cylinder of height 14 cm is 88 cm?, Find the diameter of the base 
of the cylinder. 
SOLUTION 


Let r be the radius and h be the height of the cylinder. Then, 
2nrh = 88 and ^ = 14 


= 2x m rx 14 = 88 
“= 88r=88 


r=1 
Diameter of the base = 2r = 2 cm 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


[220] mr ov etc aniei o aaga r «Mathematics > 


llustration 8 : A rectangular sheet of paper 44 cm x 18 cm is rolled along its length and a cylinder is formed. Find the radius 
of the cylinder, 


44 cm 
SOLUTION 

When the rectangular shect is rolled along its length, we find that the length 

of the sheet forms the circumference of its base and breadth er the sheet  !8cm 
becomes the height of the cylinder, 


Let r cm be the radius of the base and / cm be the height. Then, / = 18 cm 
NOW, 





Circumference of the base = Length of the sheet 
=> 2mr=44>2~x = xr d4 = r= 7cm 
Hence, radius of the cylinder is 7 cm. 


llustration 9 : The diameter of a garden roller is 1.4 m and it is2 m long. How much area will it cover in 5 revolutions ? 


(use t= 2 
7 

SOLUTION 
Clearly, 

Area covered = Curved surface x Number of revolutions 

1.4 
Here, r = E = 0.7m and h = 2m. 
22 
Curved surface = 2nrh m? = 2x E x 0.7 x 2 = 8.8m? 


Hence, Area covered = Curved surface x No. of revolutions = (8.8 x 5) m? = 44m? 


llustration 10 : Find the volume of a right circular cylinder, if the radius (r) of its base and height (4) are 7 cm and 15 cm 
respectively 


SOLUTION 
We know that : 
Volume of a cylinder = nr?h 


22 
-. Volume of the cylinder = Sx x 15cm? [5 wm eJ 
= 22 x 7 x 15 cm? = 2310 cm? 


llustration 11 : The thickness of a hollow wooden cylinder is 2 cm. It is 35 cm long and its inner radius is 12 cm. Find the 
volume of the wood required to make the cylinder, assuming it is open at either end. 


SOLUTION 
We have, 


r = Inner radius of the cylinder = 12 cm 

Thickness of the cylinder = 2 cm 

R = Outer radius of the cylinder = (12 + 2) cm = 14 em 
h = Height of the cylinder = 35 cm 

Volume of the wood = n (R2-12) h 


| h 7 «(04)! - 12)! ] 35m J 


= (14 +12)x(14~12)x35em* 


= 22 x 26 x 2 x 5 cm? = 5720 cm? 
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llustration 12 : A cylindrical road roller made of iron is 1 m wide. Its inner diameter is 54 cm and thickness of the iron sheet 
rolled into the road roller is 9 em. Find the weight of the roller if 1 c.c. of iron weighs 8 gm. 
SOLUTION 


The width of the road roller is Im i.e.. 100 em 
So, Height (length) of the cylinder = 100 em 


" j ^ * (^ M en m 54 
Inner radius of the cylinder = r - ms 27cm 


Thickness of the iron shect = 9 em 
Outer radius of the cylinder = R = (27 +9) em = 36 cm 
Thus. Volume of the iron sheet used = (x R?h- n i?h) em? 
= n (R? - P) hen? 
- n (C * (YR rh] em 
= [3.14 x (36 + 27) (36 - 27) x 100] em? 
34 


i x 63x9 x I00cm? = 178038cm* 


. 8 
Weight of the roller = 178038 x 8 gms > 178038 x 1000 kgs =- 1424.304kgs 
RIGHT CIRCULAR CONE 


It is solid generated by revolving a right triangular sheet about its-one of the perpendicular side. 

In the figure, the right circular cone is formed by revolving the A AOP right angled at O about its onc 
of perpendicular side, say OP. 

Vertex : The top point P is called the vertex of the conc. j 

Base : A conc has a plane circular end, called the base of the cone. 

Axis : The line joining the centre O of the base to the vertex P is called the axis of the cone, In the right 
circular cone, axis is perpendicular to the base 

Radius (r) : It is the radius of the base of the cone i.c. O.I or OB. 





Height (h) : The distance of the vertex P from the centre O of the base is called height of the right circular cylinder. Hence length 
OP is the height in the above figure. 
Slant Height (/) : The length of the line segment joining the vertex to any point on the circular edge 
of the base is called slant height in tig. PB is the slant height. 
Phe slant height can be find out as 
In rt. angle triangle POA 
P4? = POP + OA 
Pert 


The angle OPA or OPR is called the semi-vertical angle of the cone, 


SURFACE AREA OF A RIGHT CIRCULAR CONE ! l l 


For the given cone of base radius r as shown in fig. (i) the length of 
the circular edge is 2nr and arca of the plane end (or base) is 2707, 
Now suppose, the given cone ishollowandcuttheconealongtheslant — ^ Co " 
height PA and On spreading out it on a plane surface, You will find 


in 
: Wm i) Hollow cone 
that the spread out figure as shown in (ii). 0) 


(li) Spread out figure 
af the hollow cone 


The spread out cone is a sector of u circle of radius equal to the slant height */ of the cone and whose are is equal to the circumference 
2nr of the basc of the cone. 
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l 
: " 2nr : is a7? x—— 
Curved (or lateral) surface area of the cone = 5/2 iL] [Since area of a sector of radius r and arc length / is zr- x > ] 
x 


= uli 
Total surface area of the cone = curved surface area + Area of the base 
7 tl +w? = mr (1H r) ° 
VOLUME OF RIGHT CIRCULAR CONE 


For this we consider the experiment. Take a conical cup of radius r and height A. Also take a cylindrical jar of radius r and height h 


Fill the conical cup with water to the brim and transfer the water to the jar. Repeat the process two times more. You will find thar 3 
cup of water fill the cylindrical jar completely. Thus we find that 


3(volume of cone of radius r and height /) 
= (volume of a cylinder or radius r and height A) = 12h 


l 
Volume of a cone of radius r and height 4 = yh 


Also, volume of the cone of radius r and height A 


Ls 5 | " 
= 30" )xh= 3* (Area of the base) x height 


llustration 13 : The radius of the base of the cone is 12m and its slant height is 9m. Find its total surface area. 
SOLUTION 


We know that the total surface area S of a right circular cylinder of radius r and slant height / is given by 
S= m+ nl - nr( r^ I) 
Here, r=12mand/=9m 


S= ES = 792m? - 


llustration 14 : The radius of a cone is 3 cm and vertical height is 4 cm. Find its curved surface area 
SOLUTION " ) 

Given = 3 cm and } = 4 cm. 

Let / cm be the slant height of the cone. 


Pg. 
=> P=32+42 
— 1-225 


=> l= 25cm = 5cm 
Hence area of the curved surface = ro 





m e x4x s cm? - 62.85cm? 


llustrotion 15 : What is the height of the cone if the diameter is 8 cm and volume is 48 mem, 
SOLUTION 
Let / cm be the height of the cone 
D = Diameter of the cone = 8 cm 
r= Radius of the cone = 4cm 
Now, Volume of the cone = 48rcm? [Given] 


As we know y = snr 
= ixnx4x4xh= dl 


i xe 48n x3 
16 





cm = 9cm 2 


Hence, the height of the cone is 9 cm. 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


AREA OF PARALLELOGRAMS AND TRIANGLES) 4ERON'S [223] 





Illustration 16 : The volume of a cone is 18480 cm?. If the height of the cone is 40 cm. Find the radius of its base. 
SOLUTION 


Let the radius of the cone be r cm. 


We have, h= Height of the cone = 40 cm and, V = volume of the cone = 18480 cm? 


1&2 2 640 = 18480 
3 7 


_ 18480x 3x7 NT 
22 x 40 
=> r= J441cm- 21cm N 
llustration 17 : The base radii of two right circular cones of the same height are in the ratio 3 : 5. Find the ratio of their 
volumes. pi yz 
SOLUTION z 


Let r, and r, be the radii of two cones and V, and V, be their volumes. 
Let h be the height of the two cones. Then, 


V = lu and V, uch 


S at 1175 
y 3 mo9 : A =- = (Given), z-2 
" ly nn 2 s "2 


So, the required ratio of the volumes of two cones is 9 : 25. 
llustration 18 : A cone and cylinder are having the same base. F ind the ratio of their heights if their volumes are equal. 
SOLUTION 


Let the radius of the common base be r. Let hj and h, be the heights of the cone and cylinder respectively. Then, 


Volume of the cone = 5h , Volume of the cylinder = nh, 


¢ 


It is given that the cone and the cylinder are of the same volume. 


^ lh = uh, 
3 
LM 
— 3 2 
h23 > h:h=3:1 
hy 
Hence, the ratio of the height of the cone and cylinder is 3:1 


SPHERE 


It is the set of all points is space which are at a constant distance from a fixed point. The fixed point is 
called the centre of the sphere and the fixed distance is called the radius of the sphere. 


In the given figure, O is the centre and OP is radius of the sphere. 
Diameter : A line segment through the centre of a sphere whose end-points are on the sphere is called 
the diameter of the sphere. In the above figure PP’ is the diameter of the sphere. we 


HEMI-SPHERE : A plane through the centre of a sphere divides the sphere into two equal VUL 
parts, each of which is called a hemi-sphere. It is shown in the figure. 
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SPHERICAL SHELL 


The difference of two solid concentric spheres is called a spherical shell. This is shown in the fig. 
Here rand R is the radius of internal and extemal spherical surfaces respectively. 


HEMISPHERICAL SHELL : A plane through the centre of a spherical shell divides the spherical 
shell into two parts, cach of which is called a hemispherical shell. 





SURFACE AREA OF A SPHERE, HEMISPHERE, SPHERICAL SHELL AND HEMI-SPHERICAL CELL | 
(i) Surface area of a sphere of radius r = 4172 = curved surface Area ` | 
~ (ii) Curved surface area of Hemi-sphere = 2n2 
(ii) Total surface Area of Hemi-sphere = curved surface Area + Area of plane circular surface 
= 2nd +n = Mn | 
(iv) If R and r be the outer and inner radii of a hemi spherical shell then 
Outer curved surface area = 2nA? 
Inner curved surface area = 2 r2 
Surface area of plane ring = nR? - m? = n (R?- r?) 





Total surface area = (outer curved surface area) + (inner curved arca) + (surface arca of plane ring) 
= 2nR? «2n? + n (R?- r?) =n (3R? - 2) 
Volume of a sphere, Hemisphere and a spherical shell 


VOLUME OF A SPHERE, HEMISPHERE AND A SPHERICAL SHELL 


4 
(i) Volume of a sphere, V = ld 


" 
s i "a $a 
(ii) Volume of a hemi-sphere, | - —7v 
(iii) Volume of a spherical shell, 

V = Outer volume — Inner volume 


- 4 eR? sar 
3 3 


4 f 
d n (R? - r>) cubic units 
(iv) Volume of a hemispherical shell 
= (Outer volume) - (Inner volume) 


2 R -Zar 
3 3 
, EaR —r?) 


llustration 19 : The radius of the sphere is 7 cm. Find its surface area. 


SOLUTION 


We know that the surface area S of a sphere of radius r is given by 
S» 4n 
Given r*7cm 


S=4x H x7 Tem? - 616 cm? 


illustration 20 : Find the surface area and total surface area of a hemisphere of radius 21 cm. 


SOLUTION : 
We know that the surface area S and total surfaces area 5, of a hemisphere of radius r are given by 
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Here, r= 2] cm 


22 
S=2x > x21x21 om? and S, = 3x x21 om? 


= S=2772 cm? and, S, = 4158 cm? 


Illustration 21 : The radius of a sphere is 7 cm. Find its volume 


SOLUTION 
We know that the volume V of a sphere of radius r is given by 
QU ae 
y = ae cubic units 
Here, r-7cm 


4 
V= XT KT xT x Ten? = 1437.33cm’ 
Illustration 22 : Find the volume of hemisphere of radius 3.5 cm 





SOLUTION 
= Sar cubic units 
Here, r=3.5cm Pa 
y- LN CN PC RE = 11x49. m? =89.83cm? 
1 [72 2. 2 X 3x2 


Illustration 23 : Find the volume of a sphere whose surface area is 154 square cm. 
SOLUTION 


Let the radius of the sphere be r cm. Then, 
surface area = 154 cm? 
— 4nr=154 


=> Ax xr! = 154 





2 154x7 49 
EEUU A 
hens 

=> P. 


Let V be the volume of the sphere. Then, 


V= er etx 22 Ly xen? a cxlixTx Ten? 217966cm? 
1372 222 3 
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Solved Examples 


Find the area of a triangle, two of its sides are of length 6 cm and 12 cm and the perimeter is = 26 cm, 
SOLUTION 
Here, a- 6cm 

b= 12cm 
and Perimeter = 26 cm "1 
Let c be the length of third side 
Now, Perimeter = a + b +c 

26=6+12+¢ 

c=26-18=8cm 
_a+b+c  6+12+8 


Area of A4BC = Js(s -ays-bys-c) 


- J13(13 - 613 - S)(13 - 12) = VI3x7x35xl 
= J13x35 = V455 cn? 


The sides of a triangular plot are in the ratio 3: 5 : 7 and its perimeter is 300 m, Find its area, 
SOLUTION 


The sides are in the ratio 3 : 5 : 7. So let the sides are 3x, Sx and 7x respectively. 
Now perimeter = 300 m 


— 3x + Sx + 7x = 300 
15x = 300 
r= 290 uid 
15 
So the sides are 60m, 100m and 140m 

a=60m 

b = 100m 

c7 140m 

pe NESEN D a ation 
2 2 


Area of A ABC = Ns(s-a)(s - b)(s-c) 
= ,/150(150 - 60)(150 = 100X150 - 140) 
= J150x90x50x10 = 1500 /3 m? 


CATER A traffic signal board, indicating SCHOOL AHEAD" is an equilateral triangle with site length a, Brad the 
area 0! the signal board, using Heron's Formula. If its perimeter Is 180 cm, 
. 1 ‘SOLUTION 
The traffic signal is in the form of an equilateral triangle having side's length ‘a’ em, 
as ERR 3 
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ritis 22 vt OP (SIS JUa 9T. 


Area of triangle using Heron's Formula 


= Js(s -ays- by -c) 


2 222 4 


If perimeter of triangle is 180 cm i.e. a +a + a= 180 


180 
a= E cm 


Area of triangle — E x 60 x 60 
3 x15x60 = 900./3 cm? 


A park, in the shape of a quadrilateral ABCD, has Z C = 90°, AB = 9 m, 
BC-712m,CD = 5 m, and AD = 8 m. How much area does it occupy? 
SOLUTION 


Given, a quadrilateral ABCD in which AB = 9m, BC = 12 m, CD = 5m, and AD = 8m. 
We divide the quadrilateral in two triangular region ABD and BCD. 
Now, In A BCD it angle at C. We have 


BD?-BC?- CD? [By pythagorous theorem] 8 12 
= 524 122=25+ 144 = 169 m? 


= V169 =13m 
l 
em Ls 9 B 


zn for triangle ABD, we have 
a= 9 m, b= 13m, c = 8m 
a+b+c 9+13+8 
E C E 
Area of A ABD = Js(s —a)(s—b)(s—c) 
= f15x6x2x7 = N3x5x2x3x2x7 = 3x2 J5x7 =6V35 m? 


Area of quadrilateral ABCD = Area of A BCD + area of A ABD = (30+ 6435) m? 
In figure, ABCD is a parallelogram AE 1 DC and CF L AD. If AB = 16 cm, AE = 8 cm and CF = 10 cm 


=15m 





s = 


find AD. 
A 16cm B 
SOLUTION 
We have AB = 16 cm, AE = 8 cm, CF = 10 cm 
We know that, Area of parallelogram = base x height 
ABCD = CD x AE = 16x 8 = 128 cm? FR 

Again Area of parallelogram = base x height = AD x CF 

128 = AD x 10 1 

AD = — = 12.8 cm. D E C 
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ABC is a triangle in which D is the mid-point of BC and E is the mid-point of AD. Prove that the area of 
ABED = : area of A4BC. 

SOLUTION 

Given : A A4BC in which D is the mid-point of BC and E is the mid-point of AD. A 


To prove : ar (4 BED) = : ar (A4BC) 


Proof : 4D is a median of AABC 
ar (&4BD) = ar (AADC) 
. C7 Median ofa A divides it into two As of equal area) 


ar (A ABC) B D C 


t] 


-~ Again, BE is a median of A ABD, 
` ar (å BEA) = ar (A BED) 
(^ Median ofa A divides it into two As of equal area) 


area of ABED = S area of AABC) = l . area of AABC 
4 


\ 

Prove that the area of an equilateral triangle is equal to a » where a is the side of the triangle. 
SOLUTION ` 

Draw AD 1 BC 

=A ABD = A ACD(By R.H.S.) 

^ BD=DC (CPCT) 

" BC=a 

a 
M BD=DC= > 





In right angled A ABD ; u 
a 2 2 : ‘ 
AD? - AB - Bp? - (5) mae VM uu Ap - 





2 
areata ABC Lec 4p - 15238... 8e / 


Diagonals AC and BD of a quadrilateral ABCD intersect each other at P. Show that ar (AAPB) x ar(ACPD) 
= ar (AAPD) x ar (ABPO). 


[Hint. From A and C, draw perpendiculars to BD.] 
SOLUTION 


Given: Ina quadrilateral ABCD, diagonals AC and BD intersect each other at P. 
To Prove : ar (AAPB) x ar(ACPD) = ar(AAPD) x ar (ABPC). 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


AREA OF PARALLELOGRAMS AND TRIANGLES, 





PROOF : From A and C, draw perpendicualrs AE and CF respectively to BD. 
A B 


D C 


ar (AAPB) x ar (ACPD) AO) ( PPR) - > (PB) (AE) (DP) (CF) _ (1) 


i jg 
and ar(AAPD) x ar (ABPC) UMS), CX. is : = (PB) (AE) (DP) (CF) ...2) a 
From (1) and (2), 
ar (AAPB) x ar (ACPD) = ar(AAPD) x ar (ABPC). 
Hence proved. 


Find the area of the quadrilateral ABCD in which AB = 12 cm, BC = 6 cm; CD = 7 cm BD = 9 cm and 
AD = 15 cm. 


SOLUTION 
In the quadrilateral ABCD diagonal BD divides it into two triangles ABD and BCD. 

Area of quadrilateral ABCD = Area of A ABD + Area of A BCD (i) 
For A ABD, Pc 


a= 12 cm, b= 9 cm c = 15 cm 


E 


a+b+c 1249415 
=————= 18cm 
2 2 


Sz 





Applying Heron's formula for A ABD 


A= Js(s—a)(s —b)(s—c) 
/1818—12)(18—9)(18- 15) 
J18x6x9x3 


= 18 x3 = 54cm? 
For ABCD, 
a = 6 cm, b = 7 cm, c = 9 cm 


6+7+9 
s= 
2 








-]lcm 
Applying Heron's formula for A BCD. 
A= ds(s - as - bs — c) | 
= Jiid1-901-7y01-9) = /11x5x4x2 


= 440 - 20.98 cm? 
Area of Quadrilatera! ABCD = 54 + 20.98 [from (i)] 
= 74.98 cm? 
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TRE The sides of quadrilateral, takes in order are 5,12,14 and 15 meters respectively and the angle contained hy 
the first two sides is 90° find the area of the quadrilateral, 
SOLUTION 
Let ABCD be the quadrilateral 
Such that AB = 5cm, BC = 12 cm, CD = 14cm and DA = 15 cm and ZABC=90 D 


| We divide the quadrilateral ABCD into two triangle ABC and ACD 14 
For A ABC 


Arca of A ABC = : X base x height = i x5x12230cm? 
Now, in A ABC 
AC? = AB* + BC? [Using Pythagorous theorem] " 
= 524 122-25 + 144 = 169 " 
AC= V169 2 13 cm | 
In A ACD, 
a=13,b=14,c=15cm — | ^ 5 


13414415 42 
s= —— = — = 21cm 
2 2 


Applying Heron's formula 
Area — Vs(s - aXs - bXs c) 
= J2121-1321-14)21-15) = /21x8x7x6 


27x3x2x2-221x4-284cm? 
So, Area of ABCD = 30 + 84 = 114 cm? 


Q 


J p 


"THEE The adjacent sides of a || gm ABCD measure are 34 cm, and 20 cm and the diagonal AC is 42 cm. Find the 
area of the || gm. j 


| SOLUTION 


|| gm ABCD can be divided into two 
triangles ABC and ACD. | > : 


^ Now, ABCD is a || gm 
' So, AB=CD=34cm 
BC = DA = 20 cm | i 20cm 
.In A ABC, 
a = 34 cm, b = 20 cm, c = 42 cm 


a+b+c 34+20+42 
s= — Soe EAS cm 


2 2 
Applying Heron’s formula 


Area of AABC = Js(s -ays-bys-c)- J43(43 = 34)(43 - 20)(43 - 42) 


Area of || gm ABCD = 2 x Area of A ABC 
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ICE A solid is in the form of a cylinder with hemispherical ends. The total height of the solid is 19 cm and diameter 
of the cylinder is 7 cm. Find the volume and total surface area of the solid. 
SOLUTION 


Total height of solid = 19 cm, 


Diameter of cylinder = diameter of hemisphere = 7 cm 
Radius of cylinder = radius of hemisphere = 3.5 cm. ,7 cm ' 


Height of cylindrical part = [19 — 2 (radius of hemisphere)] cm. 
—-19-2x3.5- 12 cm. 
Now volume of solid = Volume of cylinder + volume of two hemispheres 


a 
= Volume = 27? +2x Žr =r (i87) = 2x05) |n 238 IM |- 641.67 cm? 


Now surface area of solid = Curved surface area of cylinder + curved surface area of two hemisphere 


=> S-2nrh42x2nr? = 2mr (4+ 2r)= 2x x35 (12+7) =418 cm? 


The height of a cone is 30 cm. A small cone is cut off at the top by a plane parallel to its base. If its volume be 
1/27 of - s MR of the give cone, at which height above the base is the section cut * ? 
SOLUTION 


Let OAB be the given cone of height, H = 30 cm, and base radius Ri cm. Let this cone be cut by the plane ae to obtain the cone 
OCD with height h cm and base radius r cm ó 


Then, A OND - A OMB TA 
h 
So, ND esol ON X sd i 3-2) 


MB OM R 30 
Volume of OCD = = x Volume of cone OAB (Given) 
rl) 10 ( h ic 10 


2 
l 1 1.,2 (=) =— > — [From (i AC MOT 
=> znr hm C RR x30 => R 9h 30 oh [F (i)] 


3 
=> 94-9000 = 1000 = h=10 
. Height of the cone OCD = 10 cm. 
Hence, the section is cut at the height of (30 — 10) cm, i.e. 20 cm from the base. 


| 
t 


The surface area of a solid metallic sphere is 1256 cm?, It is melted and recase into solid right circular cones of 
radius - cm Lond height 8 cm. Calculate (i) the radius of the solid sphere, (ii) the number of cones recase (Take x = 3.14) 
SOLUTION 
(i) Let the radius of the sphere be r cm. 
Then, its surface area = (4n?) cm? 
Amr? =1256 = 4x3.14 x r? = 1256 
+. 1256 1256 


= —— =100>7r=10 
~ 4x3.14 12.56 





= r 


Hence, the radius of the sphere = 10 cm. 
4 3 |4 3 Ji 
(ii) Volume of the sphere = 377. = Fas (10) Jem = ae rem 


l 50 3 
Volume of a cone = i = E x(2.5)* x 8 fom? = (Zn Jem 


= 80 


. Volume of the sphere  ( 4000 m 3 ) 
Number of cones recase = a 


x — 
Volume of | cone 3 50x 
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eee The volume of a rectangular block of stone is 10368 dm?. Its length, breadth and height are in the ratio 
3:2:1. Find its dimensions. Find also the cost of polishing its entire surface at 2 paise per dm?. 


SOLUTION 
Let the length of block = 3x dm 
breadth of block = 2x dm 
height of block = dx m 
Volume of the block of stone = 3x x 2x x x = 6x3 dm? 
But the given volume of the stone = 10368 dm? 


. 10368 
6 





6x3 = 1728 
= x 23/1728 = (12x12x12)!3 = (123)!/3 =12 


Hence, the length of the stone = 3 x 12 = 36 dm 
breadth of the stone = 2 x 12 = 24 dm. 
height of the stone = | x 12 = 12 dm. 


Surface area of the block of stone = 2(¢b+bh + hê) 
= 2 (36 x24 +24 x 12 + 12 x 36) 
= 2 (864 + 288 + 432) = 2 x 1584 = 3168 dm? 
Total cost of polishing the entire surface at 2 paise per dm? 
—3168x2-26336-1 63.36 
An ice-cream cone is the union of a right circular cone and a hemisphere that has the same circular base the 
cone. Find the volume of ice cream if the height of the cone is 9 cm and radius of its base is 2.5 cm. 





SOLUTION 
Given height of the cone = 9cm. ; E 
5 i 
and radius ofthe base = 2.5 cm = > em. l 
's ios. 1,22 5 5 . iix2sx3 4325 4 
= — = — X — X — X 9 2 — = — 
Yotuene.ac fe.sone SUR Ch Xe iur Ya TET cm j4 0m 
Vol fthe hemisphere — 5 eig 5.24229, DIXI. d, 195 3 
olume of the hemisphere r zx Iri 42 T 
Volume of the ice cream cone = 825 „1375 _ 2415-41375 < 3850 3 =91.66 cm? 
l4 42 42 42 


A room is half as long again as it is broad. The cost of carpeting the room at ¥ 3.25 per m? is 175.50 and 
the cost of papering the walls at € 1.40 per m? is € 240.80. If 1 door and 2 windows occupy 8m 
room. 

SOLUTION 

Let the breadth of the room be x m. Then, 


2 find the dimensions of the 


Length = rem =m 


2 
Area of the room = x x =m? = mn 
\ 


(2,2 

= Cost of carpeting the room at the rate of € 3.25 per m=? k x u 
2 

= x 3.25 2175.50 ['" cost of carpeting = € 175.50 (given) ] 


l E 175.50 x 2 351 351 3510 
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Thus, breadth = 6m and length = (6+ E =9m 


Let the height of the room be h metres. Then, 

Arca of 4 walls = 2 (length + breadth) x height = 2 ( 6 + 9) x h m? = 30h m? 

Area of | door and 2 windows = 8 m? 
Area to be papered = Area of 4 walls — Arca of 1 door and 2 windows = (30 /i - 8)m? 
Cost of papering walls at 1.40 per m? = € (30h — 8) x 1.40 


= (30h-8)x 1.40 = 240.80 


ó ee 
1.40 


us du uem. 
140 
=> 30h-8 =E => 30h-8=172 => 30h = 180 h=6 
- Height = 6m 
Hence, the dimensions of the room are : 
Length = 9m, breadth = 6m and height = 6m 


eerie cee Water in a canal, 30 dm wide and 12 dm deep, is flowing with a velocity of 20 km per hour. How much area 
will it irrigate in 30 min, if 9 cm of standing water is desired? 


SOLUTION | 
Water in the canal forms a cuboid of breadth = 12 dm = 12/10 m = 1.2m, height = 30 dm = 30/10 m = 3m 
and, Length = Distance covered by water in 30 minutes 


= velocity of water x time 


= 20000 x =m = 10000 m 


Volume of water flown in 30 min = /bh = (1.2 x 3 x 10000) m? = 36000m? 
Suppose area irrigated be Am?. Then, 


= Ax- = 36000 = A = 400000 m? 


Hence, area irrigated = 400000 m? 






a Water in a rectangular reservoir having base 80 m by 60 m is 6.5 m deep. In what time can the water 
be Tem by a pipe of which the cross-section is a square of side 20 cm, if the water runs through the pipe at the rate of 
15 km/hr. 
SOLUTION l 
Given : Dimension of the reservoir is 80 m, 60m and 6.5 m 
So its volume will be 
V = 60 x 80 x 6.5 = 48 x 650 m? 
Now, Dimension of pipe is 20 cm, 20 cm. 


i — BOE AE 
So its area of cross-section 100 100 
Rate of flow of water through the pipe = 15 km hr! = 15000 m hr! | 
20 20 3 


In 1 hr volume of water that flow out through the pipe = 15000 100 x 100 m 
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Let after ‘t’ hours the whole reservoir becomes emptied so the volume of water that flows out through the pipe after ‘r’ hours 
20 20 
= 15000 x —— x — xt n? 
100 100 ™ 
20 20 
15000 x — x — xt = 
io 100 ^ ee 


600 t = 48 x 650 


So the required time will be 52 hours. 





E zample Ml A lead pencil consists of a cylinder of wood with a solid cylinder of graphite filled into it. The diameter of the 
pencil is 7mm, the diameter of the graphite is 1 mm and the length of the pencil is 14 cm. Find the: (i) Volume of the graphite 
(ii) Volume of the wood (iii) The weight of the whole pencil, if the specific gravity of the wood is 0.7 gm/ cm? and that of the 
graphite is 2.1 gm /cm?. ! 


SOLUTION 
(i) We have, 


Diameter of the graphite cylinder = 1 mm = “em 


Radius of the graphite cylinder = em 


Length of the graphite cylinder = 14 cm 


V, = Volume of the graphite cylinder = T x = x = x14cm? = 0.11cm? 
(ii) We have, 


; l 7 
Diameter of pencil = 7 mm = — cm 


10 
Radius = — cm 
20 
s 22. 7 7 
V, = Volume of pencil = — x — x — x 14cm? = s 3 
? penci 7 20 20" cm" = 5.39cm 


Volume of wood V, — V, = (5.39 — 0.11) cm? = 5.28 cm? 
(iii) We have, 
Specific gravity of wood = 0.7 gm/ cm? 
and, specific gravity of wood graphite = 2.1 gm/cm? 
Weight of the pencil = Volume of wood x Specific gravity of wood + Volume of graphite x Specific gravity of wood 
graphite 
= (5.28 x 0.7 + 0.11 x 2.1) gm = 3.927 gm 


ied ea Water flows out through a circular pipe whose internal diameter is 2 cm, at the rate of 6 metres per second 
into a cylindrical tank. The radius of whose base is 60 cm. Find the rise in the level of water in 30 minutes? 


SOLUTION 
Internal diameter of the pipe = 2 cm 


So its radius = 1 cm = "- 
100 


Water that flows out through the pipe is 6 ms"! 


2 
So volume of water that flows out through the pipe in 1 sec = x x (+) x 6 m? 


. l 
In 30 minutes, volume of water flow = t ————— x 6 x 30 x 60 m? 
nie 


This must be equal to the volume of water that rises in the cylindrical tank after 30 min and height up to which it rises say ^. 
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Radius of tank = 60 cm 


2 
volume = r( ©) h 
100 
«(S h= mx— L— x6x30x 60 
100 100x100 ^^^ 


60x60 , 6x30x60 
100x100 100x100 





_ 3x36 _ 
36 : y " 
So required height will be 3 m. 


235] 


AA A cylindrical tube, open at both ends, is made of metal. The internal diameter of the tube is 10.4 cm and its 


length is 25 cm. The thickness of the metal is 8 mm everywhere. Calculate the volume of the metal. 


SOLUTION à | 
Internal diameter of the tube = 10.4 cm s 
Hence internal radius (r) = 5.2 cm 
h = length of the tube = 25 cm 
; 8 
Let ¢ = thickness = 8 mm = -—cm=0.8 cm 
10 eZ 


So, external radius (R) = 5.2 + 0.8 = 6 cm 
Now, volume of the metal which is the volume of the shaded protion 
 nR2h - nr? h = nh(R? -r°) 
Putting the values, we get 
y= H x25x(6* 5.2?) 


" = x25x(6* 5.2(6—5.2) 


. 2 25x11, 2x0.8 = 704 cm? 
7 


o EZCEM Monica has piece of Canvas whose area is 551 m2, She uses it to have a conical tent made, with a base radius 
of 7 m. Assuming that all the stitching margins and wastage incurred while cutting, amounts to approximately 1 m, Find 


the volume of the tent that can be made with it. 
SOLUTION 
Surface area of canvas = 551 m? 
Area which wastes while cutting is 1 m? -— 
so the area remaining = 551 — 1 = 500 m? 
Radius of the base r= 7 m 
As the canvas in the form of a cone. 
So its surface i.e. its curved surface area will be mr/ 
nrl = 550 m? 


= x 7x £= 550 (/ = Slant height of the cone ] 
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j= 550 _ 55x10 
2 n 
1-25 ji 
B] -pDàb-P 
h?= 1-7 = 282 - 72 = 625 - 49 = 576 
h= 4576 =24m 


| 





So, the volume of the required tent will be V — = v 


| 22 | 
403? 17x24 =22 x 56 = 1232 m 


GM aed ^ toy is in the shape of a right circular cylinder with a hemisphere on one end and a cone on the other. The 


height and radius of the cylindrical part are 13 cm and 5 cm respectively. The radii of the hemispherical and conical parts 
are the same as that of the cylindrical part. Calculate the surface area of the toy if height of the conical part is 12 cm. 


SOLUTION 
Let r cm be the radius and / cm the height of the cylindrical part. Then, 
r — 5 cm and / 7» 13 cm. 
Clearly, radii of the spherical part and base of the conical part are also r cm. Let ^, cm be 
the height, / cm be the slant height of the conical part. Then, 


=r +h? 
= adr? +2 1 = 45! +12? =13 0m [Ay = 12cm, r= 5 em] 
Now, 13cm 


Surface area of the toy = Curved surface area of the cylindrical part 
+ Curved surface area of hemispherical part 
+ Curved surface area of conical part 
= (2nrh + 2nr? + nrl) cm? 


= D x5xQxI342x5413)cm' 





= = x 5x 49cm? = 770cm? 


A cylindrical tub of radius 12 cm contains water to a depth of 20 cm. A spherical ball is dropped into the tub 
and thus the level of water is raised by 6.75 cm. What is the radius of the ball ? 


SOLUTION 


Given : R? = radius of cylindrical tub = 12 cm 
H = height of water level = 20 cm 
h = level of water which raises = 6.75 cm 


Let r = radius of spherical ball 


Now, volume of spherical ball = volume of water level raised 


aar = nR?h 





p= 2 x12%12%6.75 = 729 


r=(729)'3 =9 cm | 
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DIRECTIONS: Complete the following statements with an 
appropriate word/term to be filled in the blank space(s). 





l. of a solid is the amount of space enclosed by 
the bounding surface. 

2. The volume ofa rectangular solid measuring 1 m by 50 cm 
by 0.5 m is cm?, 


3.  Thesum ofthe areas ofthe plane and curved surfaces (faces) 
of a solid is called its surface area. 
The word solid sphere is used for the solid whose surface 
is a i 

5. The curved surface area ofa right circular cone whose slant 
height is 10 cm and base radius is 7 cm is í 

6. A sphere has only surface and that is curved. 

7. Cube is a special form of 

8. A right circular cone is generated by revolving a right 
angled triangle about one of the sides containing thc 


» 


9. When a right angled triangular lamina is revolved about 
one of its sides (other than hypotenuse), then the solid SO 
formed is called a | 


M 


10. The solid bounded by two concentric spherical surfaces is 
called a i = =a 
11. Volume of a cylinder is three times the volume of a 
on the same base and of the same height. 
12. The volume ofa sphere is to two-thirds the 
volume of a cylinder of the same height and diameter. 
13. In a cuboid, any three coterminal edges are mutually 





E> Cue False” 
DIRECTIONS: Read the following statements and write your 
answer as true or false. 


l. Area of a quadrilateral whose sides and one diagonal are 
given, can be calculated by dividing the quadrilateral into 
two triangles and using the Heron’s formula. 

2. Sides of a triangle are in the ratio of 12 : 17 : 25 and its 
perimeter is 540 cm. Its area is 8000 cm?. | 

3. Area of a triangle whose sides are 13 cm, 14 cm and 
15 cm is 84 cm?, 

4. Area of a quadrilateral ABCD in which AB = 3 cm, BC = 
4cm, CD = 4 cm, DA = 5 cm and AC = 5 cm is 15 cm’, 

5. Area of the triangle whose two sides are 8m and 11m and 
nerimeter is 32 m. is 8V30 m2, 


6. The sides of a quadrilateral taken in order are 5m, 12m, 
14m and 15m. If the angle between the first two sides be 
90°, its area 114m?. 


rA Area of triangle with sides a, b, c is 
(s—-ays-bYs-c) 
8. In triangle, sum of two side is always greater than third 
side. 
9. Triangle with sides 10, 10 and 20 cm is not possible. 
10.  Heron's formula cannot be use to calculate area of 


quadrilaterals. 

11. Ifthe diagonals ofa quadrilateral divide it into four tnangles 
which are equal in area, then the quadrilateral must be a 
parallelogram. 


12. Ifthe adjacent angles ofa rhombus of side 10 cm are 120° 
and 60°, then its area is 25/3. cm". 

13. — The three altitudes of an equilateral triangle are equal in 
length. - 7 

14. — The areas of the triangles having a common side are pro- 
portional to their altitude to the common side, 

15. — If triangles of equal area have a common base, then their 
vertices must lie on a line parallel to the base. 

16. — IfPisany point in the interior ofa rectangle ABCD, then Area 
(A PAB) + Area (A PCD) = Area (A PBC) + Area (APDA). 

17.  Iftwotriangles have a common vertex and their bases lie 
on the same line, then their areas are proportional to the 
lengths of their bases. 

18. A median ofa triangle divides it into two triangles of equal 

) areas. | 

19. The area of a triangle = 2 x Base x height 

20. 


Parallelograms on the same base and between the same 
parallels are different in arca, 
Libo o ew er > Fi 


t acis olan 


DIRECTIONS: Each question contains statements given in 
two columns which have to be matched. Statements (A, B. C, D, ...) in 


Column I have to be matched with statements (p, q, n s, ~) in 
column Il. 
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l. Column-I Column-1l 
(A) ar (ABDE) (p ar(AAFD) 
(B) ar (ABDE) (Q) <an(AABC) 
(C) ar(AABC) O = ar(AAFC) 
(D) ar(ABFE) (s) 2ar(ABEC) 
(E) ar(AFED) (t) = ar(ABAE) 
A Column-!I Column-II 
(A) Total surface area of (p) IE 
right circular cylinder is 3 
(B) Total surface area of | (q) ST 
3 
right circular cone is 
(C) Total surface area of (r) Ixbxh 
sphere is 
(D) Total surface area (s) Lots 
of hemisphere is 3 


(E) Volume of cuboid is (0 V+ +R 
(F) Volume of cylinder is (u) nh 
(G) Diagonal of cuboid is (v) 3nr? 


(H) Volume of sphere is (w) 4nr? 
(I) Volume of cone is (x) mrü-r) 
(J) Volume ofhemisphereis (y) 27r(r+h) 





* we 7 
bh ie E M tn 
de $15 A47 YE I 


Vi si Ae dier oa, ig 





DIRECTIONS: Give answer in one word or one sentence. 





1. Two parallelograms are no equal bases and between the 
same parallels. Find the ratio of their areas. 

2. State formula for evaluating the area of a rhombus. _ 

3. What is ‘S’ in Heron's formula? 

4. Study the figure given below carefully and complete the 


je------- mee- 


DIRECTI 


l. 





(a) AR andr are the and of a hollow 
cylinder respectively and A ís its — ^— — —. 
(b) Thickness of cylinder is . (formula) 
(c) External curved surface area is  ——— 
(formula) 


(d) Total surface area = 
4- 
+ 








. (formula) 


(e) Area of a cross-section is 
(formula) 


Study the figure given below and fill the blanks based on i. 


Hemispherical shell 


(a) The solid enclosed between two concentric 
is called a hemispherical shell. 
(b) R and r are the radii of the and the 
hemispheres respectively. 
(c) Area of base is . (formula) 


(d) Total surface area is . (formula) 
(e) Thickness of shell is . (formula) 






S 


ONS: Give answer in 2-3 sentences. 


The total surface area of a cube is 864 cm2. Find its edge 
and lateral surface area. 


. The paint in a certain container is sufficient to paint an area 


equal to 9.375 m*. How many bricks of dimensions 22.5 


em x 10 cm x 7.5 cm can be painted out of paint in this 
container ? 


Acylindrical pillar is 50 cm in diameter and 3.5 min height. 


Find the cost of painting the curved surface of the pillar at 
the rate of X 12.50 per m2. 


In a hot water heating system, there is a cylindrical pipe 
of length 28 m and diameter 5 cm. Find the total radiating 
surface in the system. 
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5. 


10. 


11. 
12. 


13. 


14. 





In the given figure, you see the frame of a lampshade. 
It is to be covered with a decorative 

cloth. The frame has a base diameter of 

20 cm and height of 30 cm. A margin of 

2.5 cm is to be given for folding it over | 

the top and bottom of the frame. Find 

how much cloth is required for making 

the lampshade. 


A right circular cylinder just encloses a sphere of radius 
7 cm. 


(i) Find the curved surface area of the cylinder and the 
sphere. 

(ii) What is the ratio of these areas? 

The total surface area of a cube is 486 cm?. Find its volume. 

A river 3 m deep and 40 m wide is flowing at the rate of 


2 km per hour. How much water will fall into the sea in a 
minute ? 


The total surface area of a cylinder is 231 cm? and its 
curved surface area is i of the total surface area. Find 


the volume of the cylinder. 


A leather football has inner radius 7 cm and the thickness 
of the leather is 0.25 cm. If the density of the leather is 
2.5 g per cm), find the mass of the ball. 

An isosceles triangle has perimeter 30 cm and each of the 
equal sides is 12 cm. Find the area of the triangle. 

The perimeter of a triangular field is 450 m and its sides are 
in the ratio 13 : 12 : 5. Find the area of the triangle. 

At a Ramzan mela, a stall keeper in one of the food stalls 
has large cylindrical vessel of base radius 15 cm filled up 
to a height of 32 cm with orange juice. The juice is filled in 
small cylindrical glasses of radius 3 cm upto a height of 8 
cm and sold for X 3 each. How much money does the stall 
keeper receive by selling the juice completely. 

An umbrella is made by stitching 10 triangular pieces 
of cloth of two different colours (See Fig.), each piece 
measuring 20 cm, 50 cm and 50 cm. How much cloth of 
each colour required for the umbrella? 











DIRECTIONS: Give answer in four to five sentences. 


In the figure incircle with centre O of A4BC touches the 
sides AB, BC and CA at F, D and E respectively. If radius 





. 10. 


Soups, ... DEM om IA Uu 


of the incircle is 4 cm and AF = 6 cm, BF = 8 cm. Find the 
length of side BC and AC. 

The sides of a triangle are 4, 5 and 6 cm. Find the area of 
the triangle. 

One side of an equilateral triangle is 6 cm. Find its area by 
using Heron's formula. Find its altitude also. 

An isosceles triangle has perimeter 30 cm and each of the 
equal sides is 12 cm. Find the area of the triangle. 

The lengths of two adjacent sides of a parallelogram are 
respectively 40 cm and 50 cm. One of its diagonals is 20 
cm. Find the area of the parallelogram. 

Find the area of a quadrilateral ABCD in which AB = 3 cm, 
BC = 4 cm, CD = 4 cm, DA = 5 cm and AC = 5 cm. 

A kite in the shape of a square with a diagonal 32 cm and 
an isosceles triangle of base 8 cm and sides 6 cm each is to 
be made of three different shades as shown in figure. How 
much paper of each shade has been used in it? 





A floral design on a floor is made up of 16 tiles which are 
triangular, the sides of the triangle being 9 cm, 28 cm and 


' 35 cm(see fig). Find the cost of polishing the tiles at the 


rate of 50 p per cm?. 





Find the area of a triangle whose sides are 26 cm, 28 cm 
and 30 cm. 

How much paper of cach shade is needed to make a 
kite given in Fig. in which ABCD is a square with diagonal 
44 cm. A 
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DIRECTIONS: This section contains multiple choice questions. 


Each questions has 4 choices (a), (b), (c) and (d) out of which 
ONLY ONE is correct. 





1. Area of the triangle whose sides are 13 cm, 9 cm and 6 cm 
is 
(a) 23.6 cm? (b) 26.3 cm? 

(c) 36.34 cm? (d) 23.66 cm? 

2.  Areaofanisosceles triangle, the measure of one of its equal 
side being 5 cm. and the third side 4 cm is 
(a 24/21cm? (b 21/2 cm? 

(c) 2243cm? (d) 2343 cm? 

3. The sides ofa triangular plot are in the ratio of 3 : 5 : 7 and 
its perimeter is 300m. Its area is 
(a) 150042 cm? (b) 150043 cm? 

(c) 142542 cm? (d) 1500 cm? 

4. Area of the quadrilateral ABCD whose diagonal AC = 15 
cm. and sides AB = 7 cm, BC = 12 cm, CD = 12 cm and 
DA = 9 cm is 
(a) 25.9 cm? (b) 29.3cm? ' 

(c) 95.2 cm? (d) 92.5 cm? 

5. The lengths of two adjacent sides of a parallelogram are 
5 cm and 3.5 cm. One of its diagonals is 6.5 cm long. Area 
of the parallelogram is 
(a) 13/10 cm? (b) 2345 cm? 

(c) 10/5 cm? (d) 1043 cm? 

6 Area ofa trapezium whose parallel sides are 55 cm, 40 cm 
and non-parallel sides are 20 cm and 25 cm respectively 
is 
(a) 590 cm? | (b) 950 cm? 

(c) 595 cm? (d) 940 cm? 

7. A floral design on a floor is made up of 16 tiles which are 
triangular, the sides of a triangle being 9 cm, 28 cm, 35 cm. 
Cost of polishing the tiles at the rate of 50p. per cm? is 
(a) %45 (approx.) (b) € 405 (approx.) 

(c) € 450 (approx.) (d) € 706 (approx.) 

8. The base of a right triangle is 8 cm and hypotenuse is 10 
cm. Its area will be 
(a) 24cm? (b) 40cm? 

(c) 48cm? | (d) 80cm? 

9. A regular hexagon has a side 6 cm. Its perimeter and area 
are 
(a) 35cm, 843 cm? (b) 38cm, 102 cm? 

(c) 40cm, 11/2 cm? (d) 36cm, 5443 cm? 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


A triangular park ABC has sides 120m, 80m and 50m. A 
gardener has to put a fence all around it and also plant grass 
inside. Area of garden and cost of fencing the garden with 
barbed wire at the rate of X 20 per metre leaving a space 
3m wide for a gate on one side are 


(a) 375/15 m?, 74940 (b) 3574/10 m?, € 9440 


(c) 57348 m?, 74944 (d) 683/10 m?, t 5490 
If the radius of a right circular cylinder, open at both the ends, 
is decreased by 2596 and the height of the cylinder is increased 
by 25%, then the surface area of the cylinder thus formed 
(a) remains unaltered (b) is increased by 25% 

(c) isdecreased by 25% (d) is decreased by 6.25% 
If the inner dimensions of a cuboidal box are 50 cm x 40 
cm x 30 cm, then the length of the longest rod that can be 
placed in the box is 

(a 50cm (b) 50/2 cm 

(c) 50/3 cm (d) 120cm 

Acuboid container has the capacity to hold 50 small boxes. 
If all the dimensions of the container are doubled, then it 
can hold small boxes of the same size. 

(a) 100 (b) 200 

(c) 400 (d) 800 

A cylindrical pencil of diameter 1.2 cm. has one of its end 
sharpened into a conical shape of height 1.4 cm. The volume 
of the material removed is 

(a) 1.056 cm? (b) 4.224 cm? 

(c) 10.56 cm? (d) 42.24 cm? 

A small indoor greenhouse is made entirely of glass panes 
held together with tape. It is 30 cm long, 25 cm wide and 
25 cm high. How much of tape is needed for all the 12 
edges? 

(a  230cm (b) 320 «cm 

(c) 302cm (d) 203 cm 

A conical tent has a floor area of 154 sq. m. Its height is 
24 m. How much canvas is required for the tent? 

(a) 500 sq. m. (b) 550 sq. m. 

(c) 700 sq. m. (d) 450 sq. m. 

If the perimeter of one face of a cube is 20 em, then its 
surface area is 

(a) 120cm? (b) 150 em? 

(c) 125 em? (d) 400 cm? 

In A ABC if D is a point on BC and divides it in the ratio 
3: Sie. if BD: DC 3:5 then ar (A ADO): ar (A ABO) * 
(a) 3:5 (b) 3:8 

(c) S:8 (d) 8:3 
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19. 


10. 


21. 


22. 


23. 


24. 


25. 


16. 


Points D and E lie on the lines AB and AC respectively 
of a triangle ABC, such that AD : BD = 1 : 2 and AE: EC 


= 1:2. A ADE and trapezium DECB have their areas in 
the ratio of : 


(a) 1:4 (b) 1:8 
(c) 1:9 im [1:2 
In the given figure, ABCD is a parallelogram then ar(AAFB) 
is 

D C 

A 4 cm B 

(a) 16cm? (b) 8 cm? 
(c) 4cm? (d) 6cm? 


The figure formed by joining the consecutive mid-points of 
any rhombus is always : 

(a) a square (b) a rhombus 

(c) a parallelogram (d) None ofthese 

X and Y are respectively two points on the sides DC and AD 
of the parallelogram ABCD. The area of A ABX is equal to : 
(a) 1/3 xareaofABYC (b) areaof A BYC 

(c) l/2xareaofA BYC (d) 2x area of ABYC 

BD is a median of a triangle ABC. F is a point on AB such 
that CF intersects BD at E and BE = ED. If BF = 5 cm, BA 


is equal to : 
(a) 10 (b) 12 
(c) 15 (d) 17 


D and E are the mid points of the sides 4B and AC of a 
triangle ABC respectively. Then the area of the triangles 


ADE and ABC are in the ratio : 
(a) 1:2 (b) 1:3 
(c) 1:4 (d 2:3 


AD is the median of a triangle ABC. If area of triangle 
ADC = 15 cm’, then ar(A ABC) is 
A 


B L D C 
(a) 15cm? (b) 22.5cm? 
(c) 30cm? (d) 37.5 cm? 


The base BC of triangle ABC is divided at D so that 
BD == DC Area of AABD = | 


(a) 1/3 of the area of A ABC 
(b) 1/2 of the area of A ABC 
(c) 1/4 of the area of A ABC 
(d) 1/6 of the area of A ABC 


41. 


28. 


29. 


30. 


' (c) area (A CEX) 


[241] 


In the parallelogram ABCD, the side AB is produced to point 
X, so that BX = AB, The line DX cuts BC at E. 

Area of A AED = 

(a) 2x area (A CEX) (b) 1/2 x area (A CEX) 

(d) 1/3 x area (A CEX) 


A hemispherical tank of radius 3 cm is full of milk. It is 
connected to a pipe, through which liquid is emptied at 
the 1/7 litre per second. The time taken to empty the tank 
completely? 

(a) 0.302 sec (b) 0.396 sec 

(c) 0.453 sec (d) 0.492 sec 

If the radius and height of a right circular cone are ‘r’ and 
‘h’ respectively, the slant height of the cone is 

(a) (h? + (2)? (b) (h +r)" 

(c) (h? + r°)!/? (d) none of these 

A solid consists of a circular cylinder with an exact fitting 
right circular cone placed at the top. The height of the cone 
is h. If the total volume of the solid is 3 times the volume 


of the cone. 
(a) 2h (b) a 
3h 3 
(c) 7 (d) 4h 


(ey anys aM 


lup More than One Correct 





DIRECTIONS: This section contains multiple choice questions. 
Each question has 4 choices (a), (b), (c) and (d) out of which ONE 
or MORE may be correct. 


A match box measures 4 cm x 2.5 cm x 1.5 cm. The volume 
of a packet containing 12 such boxes, is 

(a) 12x15cm? (b) (12x4 x 2.5 x 1.5) cm? 
(c) 180 cm? (d) (4x2.5 1.5) cm 

A solid cube is cut into two cuboids of equal volumes. The 
ratio of the total surface area of the given cube and that of 
one of the cuboids is 

(a) 6a? : 4a? (b) 4a? : 6a? 

(6 312 (d 2:3 

The weight of a lead pipe 3.5 m long, if the external 
diameter of the pipe is 2.4 cm and the thickness of the lead 
is 2 mm and | cubic cm of lead weighs 11 gm, is 

(a) (484 x I1) gm (b 5.324 kgs 

(c) Skg (d) m(2.2(0.2)(330)(11) gm 
The base radii of two right circular cones of the same 
height are in the ratio 3 5. The ratio of their volumes is 
(a) l rs um (b) n. ri 

(c) 25:9 (d 9:25 

The volume of the two spheres are in the ratio 64 : 27. The 
difference of their surface areas, if the sum of their radii is 
7, is 
(a) 
(c) 


28 nem? 
64 nem? 


(b) 88 cm? 
(d) 36 nem? 
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Wi» Passage Based Questions ' ete Assertion & Reason, 

——— —— "ANN 

DIRECTIONS: Study the given paragraph(s) and answer the DIRECTIONS: Each of these questions contains an Assertion 

following questions. followed by reason. Read them carefully and answer the question 


on the basis of following options. You have to select the one thai 
best describes the two statements. 








PASSAGE I 


A right circular cylinder just encloses a sphere of radius r. (a) If both Assertion and Reason are correct and Reason is 
the correct explanation of Assertion. 
.(b) If both Assertion and Reason are correct, but Reason is 
not the correct explanation of Assertion. 
(c) If Assertion is correct but Reason is incorrect. 
(d) If Assertion is incorrect but Reason is correct. 
l. Assertion: An edge of a cube measures r cm. If the largest 
possible right circular cone is cut out of this cube, then the 





1. Surface area of the sphere is volume of the cone is : nr. 
(a) 2n? (b) 4x2 " a |! 3 
Reason: Volume of the cone is given by — xh, where 
dieu Ub ae 7 are the tenia lr theheigheotd 
2. Curved surface area of the cylinder is ET F^ Vac s - E 
22:2 3 2. Assertion: The area of an equilateral triangle is 1645 
(à 2m (b) 4n cm? whose each side is 8 cm. 
(c) 2m (d) 3w? i Reason: Area of an equilateral triangle ìs given by 
3. Ratio of the areas obtained in (1) and (2) is J3 (side)? 
— (s l 
(a) 1:2 (b) 2:1 E ' 
( 1:1 id) 2:3 3. Assertion: In a cylinder, if radius is halved and height is 
i ` doubled, the volume will be halved. 
PASSAGE II 


Reason: In a cylinder, radius is doubled and height is 
Radha made a picture of an acroplane with coloured paper as € curved surface aree will nes — — 
shown in figure. Find the total area of the paper used. Assertion: The total surface area of a cone whose radius is 


: and slant height 2/ is (n v(r« 5) s 


= 


Reason : Total surface area of cone is m{/ + r) where ris 
radius and / is the slant height of the cone. 
Assertion : Two parallelograms are on equal bases and 
between the same parallels. The ratio of their areas is 
Ish 
Reason : Two parallelograms on the same base (or equal 
bases) and between the same parallel lines are equal in 
urea, 
Assertion : A triangle and a rhombus are on the same base 
and between the same parallels, The ratio of the areas of 
the triangle and the rhombus is |: 2. 
| Reason : The area of a triangle is half of the area of a 
1. Area of region I is parallelogram on the same base and between the same 
(a) 2.5cm? (b 2cm? parallels. 
(c) Sem (d 3cm? 7. Assertion: If the inner dimensions of a cuboidal box are 
3 Anof region T8 50 cm x 40 em x 30 em, then the length of the longest rod 
? ; that can be placed in the box is 5042. em, 
(a) 6cm (b 5cm Fae E it ` id is 
à : Reason: The line joining opposite comers of a cuboid is 
(c) 6.5cm (d) 7cm 


called its diagonal, 
3. Area of region III is Also, length of longest rod length of diagonal, 


(a) 1cm? (b) 3cm? Mp 
(c) 2cm? . (d) 13cm? | JP +b? eh 


Un 


» 
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E Multiple Matching Questions ^ 


—PPPPPDPPDP UU. 
DIRECTIONS : Following question has four statements (A, 


B, C and D) given in Column | and statements (p. q, r. s, ...) in 3. 


Column II. Any given statement in Column I can have correct 
matching with one or more statement(s) given in Column Il. 
Match the entries in column I with entries in column II. 


1. ColumnI Column I * 
(A) Volume of a cuboid is (p) perimeter of the base of the 
cylinder x /i s. 


(B) Volume of a cube is (q) Area of circular base x height 
(C) Volume ofa cylinderis (r) (edge) 
(D) Curved surface area of (s) base x area x height 

the cylinder is 


(t) 2nrh 

(u) length x breadth x height 
(v) edge x edge x edge 

(w) wh 





DIRECTIONS : Answer the following questions. 


1. Find the percentage increase in the area ofa triangle ifitseach — 6. 


side is doubled. 


A triangle ABC is right angled at A, AB = 5 em and 
AC = 12 em. It revolves about its hypotenuse, Find the 
volume of the double cone so formed, 


A solid toy is in the form of a hemisphere surrounded by a 
right circular cone. The height of the cone is 2 cm, diameter 
of the base is 4 em. Ia right circular cylinder circumscribes 
the solid, find how much more space it will cover, 


Ifh, C and V respectively are the height, the curved surface 
M 0 
and volume of cone, prove that 3r Vh? — C?/? + 9V? = 0, 


In figure, ABCDE is any pentagon, BP drawn parallel 
to AC meets DC produced at P and LQ drawn parallel 
to AD meet CD produced at Q. Prove that ar(ABCDE) 
=ar(APQ) 





P C D Q 


The radius of a sphere is increased by 10%, Prove that the 


volume will be increased by 33.196 approximately. 
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EXERCISE - I 


FILL IN THE BLANKS 

1. Volume 2. 250,000 cm? 

3. total 4. sphere 

5. 220cm? 6. One 

7. | Cuboid 8. right angle 

9. right circular cone 10. Spherical shell 

11. cone 12. equal 

13. perpendicular 

TRUE/FALSE 

l. True 2. False 3. True 
4. False 5. True 6. True 
y^ False 8. True 9, True 
10. False H. Tue ` `12. False 
13. True 14. False 15. True 
16. True 17. True 18. True 
19. False 20. False 

MATCH THE COLUMNS 


1. 


(A) > q; (B) > t; (C) > s; (D) > p; (E) > r; 
(A) Let AB- BC- CA-x 


= BD- ^ - DE - BE 
We have, 
ar (AABC) = 33.2 
b des 
= ua = —xX — 
ar (ABDE) = 2) 774 x. 


= ar (ABDE) = Zar (ABC) 


(B) im AABC and A BDE are equilateral triangles. 
ZACB = ZDBE = 60? 

BE || AC 

ar (ABAE) = 2ar (A BEC) 

ar (A BAE) = 2ar(A BDE) 

( ED is median of AEBC) 


=o ar(ABDE) = zar (A BAE) 


Uu 


(C) Since ED is median of ABEC 
ar(ABEC) = 2ar(ABDE) 


=> ar(ABEC) = 2 x = ar(AABC) 


(from part (A) above) 
=> 2ar(A BEC) = ar(AABC) 


vals 


Judd 


Since, AABC and ABDE are equilateral triangles 
ZABC = 60° and ZBDE = 60° 
ZABC = ZBDE 
AB || DE 
ar(ABED) = ar(AAED) 
ar(A BED) — ar(AEFD) 
= ar(A AED) — ar (å EFD) 


=> ar(A BFE) = ar(A AFD) 


(E) Let the altitude of AABD be A. 


ar (A FED) = 


ar(A FED) = l ep h 
2 2 (- altitude of ABED = 2 ) 


ar(A AFC) = = FCh - =(FD+BD)h 
= = (2FD + BF) 


l 
= 5; (2FD+2FD)h (~ BF =2 FD) 


= 2FD.h = 8ar(AFED) 
zar AFC) 


2; TURN (C) > w; (D) > v; (E > r; (F) > u; 
(G) > t; (H) > q; (I) > s; (J) > p; 


VERY SHORT ANSWER QUESTIONS 


a+b+c 
— 75 — where a, b, c are the sides of a triangle. 


External, Internal, height. 

R - r. 

2nRh. 

Total surface area = external curved area + internal 
curved area + area of two ends. 

= 2n Rh + 2nrh + 2n (RÈ? — r?) 

- 2n (Rh * rh + R2 — 3) 

n (R? - 22), 

hemispheres 

outer, inner. 

n (R? -= r?), 

2n R? + 2m? + n (R? = 12) = n (GR? + r2) 

R - r. 
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SHORT ANSWER QUESTIONS 


l. 


The total surface area of the cube = 864 cm? 
Let each side of the cube be a cm. 
Then 6a? = 864 cm? 
a? = S m? = 144 cm? 

edge a= /144 cm= 12 cm 

Lateral surface area of the cube = 4a? = 4 x (12 cm? 
=4 x 144 cm? = 576 cm? 

Dimensions of each brick is length (/) = 22.5 cm, 
breadth (b) = 10 cm, height (A) = 7.5 cm 
Surface area of each brick 

-2(lxb*tbxh-*hxlI) 

= 2 (22.5 cm x 10 cm + 10 cm x 7.5 cm 


+ 7.5 cm x 22.5 cm) 


= 2 (225 cm? + 75 cm? + 168.75 cm?) 
= 2 x 468.75 cm? = 937.5 cm? 
Let n bricks will be painted. 
Then the surface area of n bricks = 9.375 m? 
n X area of each brick = 9.375 x 10000 cm? 


E Im? = 10000cm? | 
n x 937.5 cm? = 93750 cm? 


2 
,.23750cm'  93750x10 937500 
937.5cm? ^ 937.5x10 . 9375 
— 100 bricks. 


Diameter of the pillar d= 50 cm, d = 0.50 m 


' 0.50 
radius of the pillar r — : = EE = 0.25m 


height h = 3.5 m 
Curved surface area of the pillar = 2nrh 


= 2x x025x35m' -55m 


Cost of painting the pillar at the rate of € 12.50 per 
m? = 5.50 m? x € 12.50 per m? = 1 68.75. 


Diameter of the pipe d= 5 cm = 0.05 m 


Length of the pipe ^ = 28 m 
Total radiating surface = 2r 
= 2x2 427 x 28m? -44m? 
Diameter of the base of lampshade, d= 20 cm 
radius r = < = Pom =10cm; height = 30 cm 
Margin over the top and bottom = 2.5 cm + 2.5 cm = 5 cm 


Hence total length of the cloth used 


h = 30 cm + 5 cm 
h= 35 cm 


[245] 


The cloth required for covering the lampshade = 2nrh 
-2x 7 10x35 - 2200 cm? 


Base radius of the cylinder = radius of the sphere = 7 cm 

Height of the cylinder 4 = diameter of the sphere 
=2r=2x7cm,h= 14cm 

The curved surface area of the cylinder = 2nrh 





=2x=x7x14= 616 cm? 
Curved surface area of the sphere = 4nr? 


uáx iA x7xT7ém? 616 cm? 
616cm? 
Ratio of these areas = DOT =1:1 
616cm 


Let each side of the cube be a cm. 
Total surface area = 486 cm? 
= 6a*=486 cm? 


=> a — ——cm 


=> a*=81 cm? 
= a-481-29cm 
Volume of the cube = a? =9 x 9 x 9 cm? = 729 cm? 
Width of the river b= 40 m 
depth h =3 m 
Speed of the flowing of the river = 2 km per h 
2 x 1000 
| 06 


So, length of the water falling into the sea in a minute 


i 100 . 
m per min a" m per min 


Volume of the water falling into the sea in a minute 
-Ixbxh = 403m? = 4000 m? 
— 4,000 x 1,000 lit. 


— 4,000,000 lit. e 
Total surface area of the cylinder = 231 cm? 


[" 1 m? = 1000 lit] 


2ur(h+r) = 231 = 2x=r(h+r)= 231 








ivi 
2 x 22 

"v BE LU (i) 
2x2 
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24s an ASE E C Mathematics ) 
Curved surface area of the cylinder ` “perimeter = a + b + c = 450 
= 2srh=2x23lem? à ahead 
" ital => eet UU,» 
(03 ~ 2x22 ^M a-13x152195m;b- 12x 15=180m 
jie : c-5x15-75m 
~ ee UD It is given that perimeter = 450 = 2s — 450 
Putting the value of rh in equation (i), We get => s-225m 
7x7 > 21x7 À Hence, area = /s(s —a)(s - bY(s ^c) 
3 5. oS i = [225x (225 195) x (225 -180) x (225-75) 
A t 
2_21x7_7x7 _7*7/3_|] 7x7(3-2) ` = J225x30x 45x150 = V5 x 3° x 2? 
> rt» 2. 2|2 | 22. = 53 x 33 x 2= 6750 m? 
13. Volume of the juice in vessel = x x (15)? x 32 cm? 
=> pat yk = r= DE eL volume of the juice in each glass = x x (3)? x 8 cm? 
r IN a | i m x (15)? x32 
Puting the value ofr in equation (ii), we get : -.: number of glasses of juice prepared = Ax) xS 
7, 7x7 o "us "MM 
ee h=7 cm : -. total amount received by the stall keeper 
Hence, the volume of the cylinder = 27h =7 (3 x 100) = 7 300 
" 14. Sides of one triangular piece of cloth are of lengths 
=2,(2) x7 a= 20 cm, b = 50 cm and c = 50 cm. 
7 Let s be the semi-perimeter of the triangular piece. Then, 
7 7 539 j 2s=a+ b+c => 2s=20+50+50 — s=60 
use us ded m 2695cm ^ A= Area of one triangular piece 
10. Inner radius of the ball r, = 7cm, thickness of the leather - Ásts - as — bXs —c) 
— 025 cm 
, Then outer radius of the ball r, = 7.25 cm = A= 60»«60- 20)x(60—50)x(60— 50) cm? 
So, the volume of the leather used in the football => A= ./60x40x10x10 cm? 
| =Í 1?) = J6x4x10x10x10x10 cm? 
- 2 
-3,221725)- (19] - 38. 381.07 343) one 
3 7 21 .. Area of cloth of each colour = 5 x 2004/6 cm? 
, = 2 
= 55 x38 07cm? = 159.53 cm? approx 1000 V6 cm 
dd u— LONG ANSWER QUESTIONS 
pont te ee ee TC I. ‘Let CD=CE= 
= 159.53 cm? x 2.5 g per cm? — 
= 398.83 g approx. 


11. Let the length of unequal side be x cm. 
Then perimeter = 30 cm. 
=> x+12+12=30 
=> x«+24=30 
=> x-6cm 
We have, 2s = 30 cm 
s=15cm 


Hence, area = , [st says - bXs- c) Now using fact that 


Area of A4BC = ar. AAOB + ar. ABOC + ar. AAOC 


_ Ji5x(15-12)x (15-12) x (15 - 6) cape 





= Vi5x3x3x9 = 9/15 cm’. Then ç=- 14*8*x*6*x 
12. It is given that the sides a, b, c of the triangle are in the en s= —N anda. 7 (I4 + x) cm 
ratio 13:12:Sie.@:b:c=13:12:5 
L.H.S.: ar. AABC = V(14 + x).x.(6)(8) — (i) 


=> a-làxb- I2xandc = 5x 
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R.H.S.: ar. AAOB + ar, ABOC + ar.A AOC mead AABC are given as a = 50 em, b = 20 cm, 
| c= 40 em 
=—xl4x4+ 1 l ; ' 
" 2* x4 5 X (8 x).4 + 2 X(6*x)4 D 40 cm ( 
=2(14 +8 +x +6 + x)= 2.(2842x) b 
O 
a a) — 5 (ii) % 
Now according to the question, equating (i) and (ii) 
. B 
X14 *x)x48 =4(14 +x) A 40 cm 
Squaring both sides 48x (14 + x) = 16(14 + x}? arbre 
=> 3x=144x a RM 
=> 2x=14 0440 110 
=> x=7 mp yn ET a SS om 
24. Wehave,a=4cm,b=5cm,c=6cm. Area of AABC NS 7 als -bys - c) 
Semi perimeter (s) = UI i viU -5 = S5565- 5065- 2055 40) = J55(5)85X15) 
ETTE em? 
Area of triangle = /s(s—a)(s—b)(s—c) 75/5775 cm 


if TE. JE ) Cae 
= —|—-4 — — an = — 
2\2 2 2 Tiel 


3. a=6cm,b5=6cm, c=6cm 
pu 8t te _ 5+6+6 _ 
2 2 
Area of the equilateral triangle 


= Js(s —a)(s—b)(s ^c) 
= 9(9-6)(9 - 6X9 - 6) 
= §9(3)(3)3) =9V3 cm? 


Area = ; x Base x Altitude 


9cm 


= 9/3= i x6x Altitude => 9V3 =3x Altitude 


=> Altitude = 8 = 3V3cm. 


4. Leta, b,c be the sides of isoscele A. A 
Given, a= 12 cm, b= 12cm 
Perimeter = 30 cm 
=> atb+c=30 
= 12+12+c=30 
=>c=30-24 
=> c=6cm 


at+b+c _ 12+12+6 
2 


Now, s= 


=> s- em = 15cm 


Area of the triangle = Js -ay(s - bYs - c) 
= JI5q5-12)05 -12)05 - 6) 
= J150000 = 9 15cm? 





^. Area of the parallelogram ABCD = 2 Area of AABC 


= 2x5V5775 =10V5775 cm? 
Let ABCD be the quadrilateral such that 
AB = 3 cm, BC = 4 cm, CD = 4 cm, DA = 5 cm and 
AC = 5 cm. 
Let AC be the diagonal which divides quadrilateral in 2As 


ABC and ACD. 


For AABC, we have, a=4cm, b» 5cm, c=3cm 
Since, a? + c? = h? 


m 
C 
B "1 
e 3 
E] 
A 3 cm B 


Therefore, AABC is right angled with Z B = 90°, 
Area of right angled triangle ABC 


= 5, x Base x Height= 2 x3 x 4=6 cm? 


But, for AACD, the sides are a = 4 cm, b = 5 cm, 
c=5cm 


2 2 
Area of the AACD = V's(s-a)(s-b)(s-c) 
(By Herson's formula) 
= (7(7-4)(7-5)(7-5) = 1032302) = 2421cm? 
= 2 x 4.6 cm? (approx.) = 9.2 cm? (approx.) 
Area of the quadrilateral ABCD = Area of AABC + 
Area of AACD = 6 cm? + 92 cm? = 15.2 cm?, (approx.) 
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[248] 3 Eai i Try REM a d n T AT yh 


| [1 
7. | Area of paper of shade / zL Where d, and d, 
denotes the diagonals 


a Liszt] = 256 cm? 
2\2 


Area of paper of shade II = 256 cm? 
For paper of shade III, sides are given as a = 8 cm, 
b=6cm,c=6cm 


it x 32x 32] = 256 cm? 


Area of paper of shade III 
= Js(s-a)s-bys-e) 
= /10(10- 8/10 6)10- 6) 
= /10(2)(4)(4) = 8V5 -17.92 cm? 
$8.  Letthe sides of one tile are given as a — 9 cm, b — 28 cm, 


c — 35 cm 


` a+b+c 


PET Eis we 2835 


2 2 


Area of one tile = Js(s -à)y(s-bys- c) 


` 


(By Heron’s formula) 


= 486(36-9)36-28)86-35) = [36278 


=6x3x2V6 = 36V6 cm? 


= 36 cm 


Area of 16 tiles = 36/6 x16 =576V6 cm? 
-. cost of polishing the tiles at the rate of 50 paise per cm?. 
57646 x 50 
100 
- t 288V6 =% 705.60 
9, Herea-26cm,b -28cm,c = 30 cm. 


= 57646 x 50p =? 


26+28+30 _ 


Area = Js(s—a)(s —b\(s—c) | 
= 442 x16x14 x12 
-Jx2x3x2x2x2x2x 1x2x2x2x3 
-7x2x2x2x2x3 
= 336 cm? 
10. Yellow : 484 m?; Red : 242 m^ 
Green : 373.04 m?. 


.a*btc 
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EXERCISE-2 
A ————— Y! ——  — Á— e a — 


MULTIPLE CHOICE QUESTIONS 





1. (d) The sides of the triangle are a = 13 cm, b 7 9 cm zz4 
c=6cm. 
z,5 EUR _ 134946 4 om 
2 2 


/. Area of the triangle 


B 4s(s -aYs - by c) 
= /14 (14-13) (14—9) (14 - 6) cm? 
= J/14x1x5x8 cm? = 4560 60 cm? 


= 23.66 cm? 
Let a = 5 cm, b = 4 cm. 
Therefore area of an isosceles triangle 


= 2 avaa? =p? =$ J4x25-16 sq. cm. 
= V84 cm. = 2421 sq. cm. 


Suppose that the sides, in metres, are 3x, 5x and 7x 
Then, we know that 3x + 5x + 7x = 300 (perimeter of 
the triangle) : 

Therefore, 15x = 300, which gives x — 20. 


So the sides of the triangle are 3 x 20m, 5 x 20m and 
7 x 20m 


Le, 60m, 100m and 140m 
60 -- 100 - 140 
2 


[Heron's formula] 


2. (a) 


3. (b) 


We have s= m — 150 m , and area will 


be 150 (150 — 60) (150—100) (150—140) m? 
= J150x90x50x10 m? =1500V3 m? 


We know that the diagonal of a quadrilateral divides 
it into two triangles. 


As per figure, in A ABC 

AB =7 cm, BC= 12 cm, AC - 15 cm 
Therefore semi perimeter s = eS =17 
Area of A ABC 

= VI7x (17-7) x (17-12) x 07-13) 

- V7 x10x5x2 sq. cm, 

= 10/17 sq. cm. = 10 x 4.12 = 412 sq. cm. 
Similarly for A ACD, AC = 15 cm, CD = 12 cm and 
DA = 9 cm 

Therefore SETS 26 gem. 

Area of A ACD i 


= V18 x (18-15) x (18712) x18—9) 
= V18x3x6x9 = 54 sq. cm. 
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7. 





A 7 cm 


Area of quadrilateral ABCD 
= Area of A ABC + Area of A ACD 
= 41.2 + 54 = 95.2 sq. cm. 

Area of the parallelogram ABCD 

= 2 x (Area of A ABC) 

In A ABC, AB —5 cm, BC=3.5 cm and AC=6.5 cm. 
543.54 6.5 


B 


(d) 
(a) 


So its perimeter s= =7.5 cm. 


' Area of A ABC (By Heron’s formula) 

= Js(s - aXs -bXs - e) 

= JI5x (1.575) x (1.53.5) x(1.5- 6.5) sq. cm. 
=J7.5X2.5x4x1 sq. cm. = V75 sq. cm. = 54/3 sq.cm. 


Area of parallelogram 
| —2x 545 sq. cm. = 1043 sq.cm. 

(b) In figure, ABCD is a trapezium in which parallel 
sides AB = 55 cm, DC = 40 cm and non-parallel sides 
AD=20cmand BC-25cm. , ; 

Draw AD || EC and CF L AB 
Therefore, EB = AB- AE = 55— 
= 20 cm. 

'"* Area of A BCE 


- 430 x (30-15)x (30—- 20) x (30 - 25) 


154 20* 25 
2 


40 7 15 cm. and EC 


where s = = 30 cm. 


2 430x15x10x5 = 422500 = 150 sq. cm. 
Area of A BCE 
2x150 


- lk BExCF = CF =——— = 20cm. 
2 15 


Area of parallelogram AECD = AE x CF = 40 x 20 10. (a) 


= 800 sq. cm. 


Area of the trapezium ABCD 
= Area of parallelogram AECD + Area of A EBC 


= 800 + 150 = 950 sq. cm. © 





A 


55 cm 


(d). 


S-— 


4 : : Li 0S "tor Le 


(d) First we find the area of 16 triangular tiles. 
For area of | triangular tile 


,29:28435 72 


— 36 cm. 
2 2 


^. Area = [3636 —9)(36 - 28)86 -35) cm? 
= J86x21x8x1 cm? = 36/6 cm? 
+. Area of 16 tiles = 16% 36 6 cm? 
= 57646 cm? . 


50 
Cost of polishing = X (= x 1646) 
= € 705.45 = X 706 (approx.) 


Third side = d (Hypotenuse) — (Base) 
= 4100 —64 = 6 cm 


104846 cm = 12cm 


Area — Js(s —ays —b)(s - c) 
= /12(12 — 10)(12 — 812 — 6) 
= J12x2x4x6 cm?=24 cm? 


Side = 6 cm 

~. Perimeter of regular hexagon = 6 x 6 = 36 cm 
ABCDEF is a regular hexagon. Join diagonals AD, BE 
and CF. The three diagonal divides the hexagonal in 
six. congruent equilateral triangle with side 6cm. 


Area of one such triangle 


= Js(s - aXs - bXs — c) 
= e(9-6y9-6y9-6) =V9x3x3x3 =9V3 


<. Area of the regular hexagon 
= 6 x Area of equilateral triangle OAB 





= 6x 93 = 5443 cm’. 

For area of the park, we have 

2s =50m+80m+ 120 m= 250 m. 
s=125m 

i.e., s -a = (125 - 120) m = 5m, 


s—b= (125-80) m = 45 m, 


A 


©. 80 m 


EN 


c = (125 - 50) m = 75 m. 
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I. 
12. 


13. 


26. 
28. 


29. 


SLES TMH TEM Mal et fora} 
^ » E * 


Therefore, area of the park 


= V25x5x45x 15m? 2375 15m? 


Also, perimeter of the park = AB + BC+ CA - 250m 
Therefore, length of the wire needed for fencing 
= 250 m — 3 m (to be left for gate) = 247 m 
And so the cost of fencing = 20 x 247 = ¥ 4940 
(d) 
(b) length of longest rod = length of diagonal 


= Ve 452 ua? = (50) + (40)? +(30)? = 5042 cm 


(c) Let the dimensions of the cuboidal container be /, 
b and h. Then its capacity 2/x bx] 


When all dimensions are doubled, its capacity = 2/ x 
2b x 2h — 8 (previous capacity) 


** The number of small boxes which thenewcontainer > 


can hold = 8 x 50 = 400 
(a) | | 
(b) length of tape = (4/ + 4b + 4h) cm 

= (4 = 30+4 x 25+4x25)cm - 320cm 
(b) 


(b) Edge of cube = Sem =S cm, 


surface area = 6x52 cm? = 150 cm? 
(c) 19. (a) 


(b) ar(AAFB) = zal gm ABCD) - ; x4x4 


-8cm? 
(e) 22. (b) 23. (c) 24. (c) 4. 
(c) AD is median of A ABC. i 


ar(A ABD) = ar(AADC) = = ar(AABO) 


(a) 27. (a) 
(b) Radius of the hemisphere 


h=3 cm. 





Volume of milk in the sphere = s 


= $px3- 22 x2x32 om 


l 
1000 ; 
Flow of liquid through the pipe = 7 litre per second, 


Time taken to empty the hemisphere 





= S xax l lire, 


22 l 396 
1000 1000 ** 
(c) 30. (b) 





, .n 
Now, 1L, 4 c A 


Mathematics 


MORE THAN ONE CORRECT 


Js(s —a)(s—b)(s—c) l. 


(a, b, c) 

Volume of one match box : 
— (4 x 2.5 x 1.5) cr? = 15 cm? 
Required volume = Volume of 12 match boxes 
= 12x I5 cm? = 180 cm? 

(a, c) 

Let the edge of the solid cube = a 

Since, cube is cut into two cuboids of equal volumes. 

a 

Length = a, breadth = a, height = 3 

Total surface area of cube = 6a” sq. unit 

Total surface area of one cuboid 


= 2{axataxs+%xa] = 4d? sq. unit 


Required ratio = 6a? : 4a2 = 3 : 2 
(a, b, d) 
R = external radius of pipe = 1.2 cm 
r = internal radius = 1.2 — 0.2 = 1 cm 
h = length of pipe = 3.5 m 

Volume of lead = n(R? — (2) A 


" | Po2+00.2-nx3s0) cm? 


2 
a = x 2.2 x 0.2 x 350 cm = 484 cm? 
Since, one cubic centimeter of lead Weighs 11 gm. 
Weight of the pipe = (484 x | 1) gms 
484 x 1I 
"—— — ee et 5.324 Kd 
1099 SSS 75.324 kgs 
(b, d) 


Let rı and r, be the radii of two cones and F) and 7, be 
their volumes. T 


Let / be the height of the two cones, then 


l l 
Vm yu and V, = QU 


Wo im n 9 

^ Inh rè 25 C^ ryirn23:85) 
(a, b) 
Let the 


radii of two spheres be r) cm and ry em respectively. 
Let the volumes be Vy and V, respectively, 





22 145, 3 
3 
Also, given ntrn77 
Using (1) and (2), we get 
ri*4cem and rye Mem 
So, S,- $17 dnr? - Any = 6n - 36n = 28 nen? 


22 
- 28x 3" 88 en? 
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AREA OF PARALLELOGRAMS AND TRIANGLES, HERON’S FORMULA} SURFACHIAREAMANDIVOLUMELOF/SOLIDS 5 oo pa 
PASSAGE BASED QUESTIONS I B1, B 45.4 
Passage-l oa dep E -a A 

1-3. Radius of the sphere =r, à; 

Radius of the cylinder = r , = N5 = 3x 1.73? ( Approx.) 

height of the cylinder / = 2r 1 

5.196 


1. (b) Surface area of the sphere = 4x7? 
2. (b) Curved surface area of the cylinder 
= 2nrh = 2nr x 2r =4nr° 

3. (c) Ratio of the areas in (1) and (2) 
d 4nr? 
— 4nr? 





=1:1 


Passage-Il 
1-3. For Triangular Area I, we have - 
a-5cm, b=5cm, c- 1 cm 








as the sides of the triangle 
2 2 


Area of shaded region I = Js(s- ay(s - bXs - c) " 


= K5.5(5.5 - S(5.5 - 55.5 - 1) 
= 45.5:9):5)4:5) = C5 6-5)4-5) 


= (.5) C510 5X9) = (.5)(.5)(3)V11 


= 0.75411 = 0.75(3.3) (approx.) 


= 2.5 cm"? (approx.), 

Area of shaded region II = Area of rectangle 

=6.5 x 1 = 6.5 cm? 

For Area of shaded region m draw the figure 
cm 





Area of region III 


Vir um 1.3 cm? (approx.) 


Thus, area of region IV = Area of right angled 4 


= 6x15 45 cm? 


6x15 = 4.5 cm? 








Similarly, Arca V = 


Total area of the paper used 
= Area I + Area II + Area III + Area IV + Area V 


= 25 cm? + 6.5 cm? + 1.3 cm? + 4.5 cm? + 4.5 cm? 


= 19.3 cm?. (approx) 
FA 


|. (a) (c) 3. (d) 


ASSERTION & REASON 
]. (d) Assertion is false but reason is correct. 


3 
2. (a) Area of triangle = = (8)? cm? 
3 


3. (b) Both Assertion and Reason is correct. 
(a) Assertion : T.S.A. = 2r({/ + r) 


wi U+- |» nr ie 
2 2 4 


(a) Both assertion and reason is correct. 


Un 


Also, reason is the correct explanation for assertion. 


6. Assertion: Area of A= ; area of rhombus 


Area of A l 


— 2—2]:2 
Area of rhombus 2 


7. (a) Length ofthe diagonal is the length ofthe longest rod 
that can be placed in the cuboid. 


MULTIPLE MATCHING QUESTIONS 
1. (A) s, u; (B) >r, v; (C) >q, w: (D) >p, t 


HOTS SUBJECTIVE QUESTIONS 


1. Leta, b, c be the sides of the old triangle and ‘s` be its 
semi-perimeter. 


Then, s = (a +th+c) 

The sides of the new triangle are 2a, 25 and 2c, Lets be its 
semi-perimeter. Then, 

s'= U x (2a + 2b + 2c) =(at b+ e)= 2s. 


Let A and A's be the area of the old and new triangles respne- 
tively. Then, 
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r sz Ct SUP TIUIHT PS SIE ELM B ICD m metris l EIEE Jem ^ 
J | = (161 - 3 = 81 cm. 
A'- s(s - aKs—b)(s—c) (16n 8n) cm 7 
DX Rs Hence, the right circular cylinder 
E ab iilos: dine ee covers 81 cm? more space than 
> A= J2s(2s — 2a)(2s - 2b)(2s - 2c) the solid. | 
Eu 
- 4,/s(s —a)(s —b)(s — c) = 4A 4. " "lud h 
Increase in the area of triangle = A’~ A 210242 
=— h 
= 4A-A=3A. -— id 





Hence, percentage increase in area ` 
MEN = W? =n gg hy? 


2. In A ABC, right angled at A, AB = 5 cm and AC = 12 cm. l 3 
= W? =C ED. 
Therefore hypotensue BC = 45? +12? = V169 =13 cm 3 o 
Let AM 1 BC. = 9V? = c?4? -3y qi? 
Now, ; BC x AM 7 area (AABC) = : x AC x AB = 3nVh> -C7h? +9V? =0 
I l 
ry M LM M E es, 5. As BP || AC and AD | EQ 


a AABC) = ar(AAP 
So, AM= = cm. act cP ©) 


[As on the same base and between the same parallels]... 
As AABC revolves about BC, AM becomes the radius of 


(i) 
the each of the two cones forming the double cone. The AD || EQ [Given] 
height of one cone is BM and of the other cone is CM. ^  ar(AADE) = ar(AADO) 
Therefore the Pss of the double cone [As on the same base and between the same parallels]... 
12cm (ui) 
«dS . “^  ar(AACD) = ar(AACD) (iil) 
B C Adding (i), (ii) and (iii) 


ar(AABC) + ar(AADE) + ar(AACD) 
= ar(AAPC) + ar(AADO) + ar(AACD) 





sra V xí 69? ar(AABCD) = ar(AAPQ) 
"1s x BM +— 13 x CM Hence proved. 
4 
6. The volume of a sphere = — zz? 
= Aes (0M + CM) = 2200. ep! : 
3. 169 7 169 10% increase in radius = 10% r ` 
E 22 x 3600 OE 870.33 cm? = 290.11 cm? " 
91 x3 3 Increased radius = r + —r =—_p 
3. Let BPC, be the hemisphere and ABC be the cone standing 10 10 
on the base of hemisphere. ! The volume of the sphere now becomes 
Radius BO of hemisphere = > X4cm-2em. s ru i _4 131, 4 n 
| | | 3 (10 -77 x—r = — xl33ir 
Now, let the right circular cylinder EFGH circumscribe the 1000 3 
given solid. Increase in v , 1 
ol WE... $3 
Radius of base of the right circular cylinder T = = ya 
= HP = BO=2 cm. = eas 4 
Height of the cylinder = AP = AO + OP a aiina 
=2 cm +2 cm= 4 cm. Percentage increase in volume 
Now, the volume of the right circular 4 
cylinder — volume of the solid 377 x .33l 
=| x100]2331% 
- |z xa a Sa ee) em IET 
3 
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The probability of getting 


number "3" with one throw a 


The probability of getting 
number "3" with double throw 


Z1 1 l 


PERE —  - waa 2294-29-99) 
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Statistics and Probabilit 








INTRODUCTION 


Staristics ix tre Leeg wick deals with ree collection of numerical facts called raw data and 
classification. tabudation, inzerpretazion of raw data. Expressing facts with the help of a data is of great 
importance Ut our day-to-day [je just as we collect bricks, stones, rods, cement etc. before construction 
of a house. Daza in fact is the fundamenta] unit of statistics. We can understand and solve even most 
complicated problems logically by mating proper use of data. 

Im this chapter, we stud the RPE of data, grouping or classification of data, graphical representation 

| of data and central tendency (ie. mean. mean & mode) of raw data. 

Probabiliv is a branch of mathematics which evolved out of practical considerations. It is used 
practically in almost every field. Probabiliy theory can be thought as the science of uncertainty. In this 
@iepier. you will learn how to fand the probability of occurrence or non-occurrence of an outcome in 


a 


y ^. 
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PRIMARY AND SECONDARY DATA (OR OBSE VATIONS 


Primary Data : The data which is collected by the investigator with a definite plan or design in mind is called Primary Data, 


Secondary Data : When the data is gathered from some sources which already had stored for some purpose, then the data js 
called secondary data. 


UNGROUPED (OR RAW) DATA 
The data which is collected for s 
data is known as an observation. 
For example : runs scored by batsmen in a T-20 cricket match are : 
17, 20, 15, 42, 25, 17, 23, 18, 5, 15 
By observation we can find the lowest and highest scores. 
RANGE OF RAW DATA 
The difference between the highest and lowest values of given data is called range. In the above case, 
Highest Score = 42, Lowest score = 5 
Range = Highest Score — Lowest score 
Range = 42 - 5 = 37 
FREQUENCY 
The number of times a particular observation occurs is called its frequency. 
For example : Marks obtained by 20 students of a class in a unit test are: 
8, 5, 10, 6, 12, 18, 10, 5, 11, 13, 4, 3, 9, 11, 2, 10, 10, 19, 5, 7 
By observation, we can see that 5, 10 and 11 come three times, four times and two times respectively. Hence, frequency of 5, 10 and 
11 are 3, 4 and 2 respectively. Each other number comes only once. Hence, Frequency of each other number is 1. 
FREQUENCY DISTRIBUTION TABLE 
There are two types of frequency distribution table. 
(1) DISCRETE (OR UNGROUPED) FREQUENCY DISTRIBUTION TABLE 
Consider the marks obtained by 20 students in mathematics annual examination of class VIII (Marks are out of 100) : 
60, 70, 59, 60, 50, 58, 62, 56, 59, 59, 58, 70, 58, 62, 50, 58, 58, 50, 62, 56 
To make the data easily understandable we write it as in the following table. 


Marks obtained | 50 | 56 | 58 | 59 | 60] 62 


The above table is called Discrete (or Ungrouped) Frequency Distribution Table or simply a Frequency Distribution Table. 


(Il) GROUPED FREQUENCY DISTRIBUTION TABLE 


When our data is large e.g. we are given marks out of 100 of 60 students. To make the data more sensible, we condense the 
data into groups like 50 — 55, 56 — 60, ....... , 90 — 95 (Assuming that our data is from 50 to 92) as given below. 


(Groups or class Intervals) (frequency) 
95-35 | 8 
|. 85-60 S Ay — | 
| 60-70 | 5 
po oT 1 2 
|. 75-88 | — 6 — | 
ae — | 3 O 

a TA 
a MINE 
|o 0 0 


pecific purpose and put as it is (without any arrangement) is called raw data. Each entry in raw 





















885-90 
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The above type of table is called Grouped Prequeney Distribution Table, 


Least number of any class interval is called the lower Hit of that clam interval, And greatest number of any class Interval is called the 
upper timit of that class interval, For example 50 and 55 are the lower and upper Hmli respectively of the class interval 50 = 55. 
The ditforence of upper timit and lower limit of any class interval Is called clann sizo or clans width of the whole grouped frequency 
distribution, Class size of the above grouped frequency distribution In ($$ - 507. Ť uoooenrrra2 
Upper timit ofany class is not included in that class, Henco tho class Interval 60 — 65 means ‘equal and greater than 60 
\ but less than 68," 


m " - m m m wow" wmm. - --i-------? 
|RSS RRR ERR RR RRR RRR RR RR RRR r - - - - mmm. 


CUMULATIVE FREQUENCY DISTRIBUTION TABLE 

There are two types of cumulative frequency distribution table, 

(i) DESCRETE FREQUENCY DISTRIBUTION . à; all the 
In a deserete frequency distribution, the cumulative frequency of a particular value of the variable is the total of all t 
frequencies of the values of the variable which are less than or equal to the particular value, 

For example : Consider marks obtained by 45 students of class VII in an assessment 18 given below: 


Marks o [Ls [ora] | 18 | 20 
No, of students (Frequency) EN ETEF 
Prom the table we conclude that 

| student secured zero marks 

4 students secured 5 marks 

8 students secured 10 marks and so on. 

Now, how many students secured 10 marks or less . 

‘To answer this question we have to add all the students who secured 10 or less marks i.e. (1 +4 + 8) = |3 students. : 
13 is termed as cumulative frequency of markes 10, Similarly cumulative frequency of marks 16 is (1 +4+8 +9 + 12) 234. 


See the following table : 
No. of families 
fojcüeios) Cumulative frequency | 


— €- _ es | 
[4 ens — 
REN BOE 


* 
‘ 
\ 
t 















3 18 (= 15 +3) 
2 20 (= 18 + 2) 
The above table is called Discrete Cumulative Frequency Distribution Table. 


(ii) GROUPED FREQUENCY DISTRIBUTION 


In a grouped frequency distribution the cumulative frequency of a class is the total of all frequencies up to that particular class. 
To calculate cumulative frequencies, the classes should be written in ascending order. 
For Example : The following table shows the number of patients getting medical treatment in a hospital on a day. 


[Class Interval] [Frequency] 

I qox [. € |. — 0 9-| o 
|. 20-30 | 50 |  — oewos —— | 
(30-4 | 6$ |, 200 140+ 60) —— 
~os | w 
E ee 
( mm | .399 |  Á ^ .] 


The above table showing the cumulative frequency with class interval is called grouped frequency distribution table. 
The above grouped cumulative frequency distribution table can be presented in two other following ways. 
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(a) Less Than Type Grouped Cumulative Frequency Distribution Table 


[.  Leshn3) — | SO 


Less than 70 


(b) More Than Type Grouped Frequency Distribution Table / 
220 (= 270 - 50) 


Equal and more than 50 80 (= 160 — 80) 
Equal and more than 60 30 (= 80 #50) 


EXCLUSIVE AND INCLUSIVE CLASS INTERVAL 
Class interval of the form 10 — 20, 20 — 30, 30 — 40, ........ ; in which upper limit of any class interval coincides with the lower limit 
of the just next class interval, is called Exclusive class Interval. 

























Class interval of the form 10 — 19, 20 — 29, 30 — 39, ....... ; in which upper limit of any class interval does not coincides with the 
lower limit of the just next class interval, is called Inclusive class Interval. In the inclusive class interval, the difference between 
lower limit of any class interval and upper limit of just previous class interval in always 1. 

To use inclusive class interval frequency or cumulative frequency distribution, first of all we convert it into exclusive class interval 
frequency distribution. For this, we only decrease the lower limit of each class interval by 0.5 and increase the upper limit of each 
class interval by 0.5 of inclusive class interval. But frequency or cumulative frequency remains the same. 


Marks obtained No. of students Caniulsttoe F 
Inclusive class interval Frequenc mulative Frequency 


[100-19 —— | 


For Example: 















The above table is the inclusive class interval cumulative frequency distribution. Its corresponding exclusive class interval cumulative 
frequency distribution is given below. s : 


Marks obtained No. of students Cumulative 
(exclusive class interval) (frequency) frequency 
| 95-195 | 5 


19.5 — 29.5 
29.5 — 39.5 


ONE aiii 
3 17 
8 
MEUM Me 
HEN FEE 
|. 10 — | 
MAE iMd 













69.5 — 79.5 5 
79.5 - 89.5 
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CONVERSION OF LESS THAN TYPE GROUPED CUMULATIVE FREQUENCY DISTRIBUTION 
TABLE INTO GENERAL TYPE GROUPED CUMULATIVE FREQUENCY DISTRIBUTION TABLE 


D- No. of Patients 
ge (in years) (Cumulative Frequency) 


Lesthn20 | 90 | 
Lessthan30 | — 140 . X | 
Less than 40 | 7 AL et] 
a 280 —  -—.] 
[| — — ac 
||| 360 | — | 












Less than 50 
Less than 60 
Less than 70 


The above table is the less than type grouped cumulative frequency distribution table. Its corresponding general type groug 
cumulative frequency distribution table is 








CONVERSION CF MORE THAN TYPE GROUPED CUMULATIVE FREQUENCY DISTRIBUTION 
TABLE IN TO GENERAL TYPE GROUPED CUMULATIVE FREQUENCY DISTRIBUTION TABLE 


(cumulative frequency) 
[ Equal and more than 40 | 160 | 
Le & RN oor] 
Loo ow 88 de 7 
















Equal and more than 50 
Equal and more than 60 


The above table is the more than type grouped cumulative frequency distribution table. Its corresponding general type grouped 
cumulative frequency distribution table is z 











GRAPHICAL REPRESENTATION OF DATA 
To analyse and draw quick conclusion from the numerical data, data is suitably represented through graphs, 
In this class, we study only three types of graphical representation of data. The three types of graph are 
(A) Bar graph 

(3) Histogram and 

(C) Frequency polygon 


——SSSEE — — 
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(A) BAR GRAPH 











Bar graphs is the simple most and popular graph to shows ungrouped (or descrete) Sequency Ceci mapia T 
draw har bar graph, rectangular bars of uniform width with equal spaces in between theca arc Gena 2 on 2 hortus cer OF 
Data (ar items) are taken on QY ray, Each ber represent a data (or items). Height of zach bar represents Seqnency of te 
oorrespontting data, Suitable scale of height of bars are shown on a vertical rey OF. See the following uiie: 
| Years | Expenditure (in 10 lakh of rupees) 
| | [frequency] 
| 2 | S 
| 2005 | 15 
| 2006 | 25 
| 2007 | 35 
| ANN | 10 
The above table is the discrete frequency distribution table, which shows expendizze oc beat by ABC Pat Lat Gurr ne 
Years (2004 to 2008), 
Bar graph of the above discrete frequency distribution is shown below: 
y 
$ 20 
3 
B 3S 
= 
z 30 
=X 
$as 
= 10 
EO 
AE" 
^ $ 8 € 8 EX 
A G x R A 
Years ————» 


. Sometimes for the shake of convenient, to draw bar crap’ of some discrete froguency darnenn dz (Or imer) are 
uken on iia OY-ray and frequency represented by length of the han are measured on suite aale on hoz OX-cnc 


efTffI--1---.1--.----..------------.2---------------.-.-..-.........-.-.-.....-- -s 
—— —— 








SOLUTION: 
() — Either of the following bar graphs (fig (2) ec fig (ii) may be used to represent the above froguency diardute 
Y 
12 
10 
N 
=. y, 
y 
e 4 
2 
9 3 6 9 12 IS 
Value of Vanabe 
(ty. oq» 
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Value of Variable 





Frequency 


(fig. (ii)) 


(B) HISTOGRAM 
A histogram is special type of bar graph which shows the cumulative frequency distributions graphically. See the following 
table. 

Monthly Earnings 
(in hundred rupees) Ne. of Workers 
80-120 


39: 7| 7 6 777 
iem | 











200-240 
240-280 


To draw the histogram of the above frequency distribution we follow the following steps : 

(a) On the horizontal axis, mark the class intervals with a uniform scale. 

(b) On the vertical axis mark a scale to measure the height of bars which is equal to the | with a uniform scale. 
(c) Construct rectangles with class intervals as bases and the corresponding frequencies as heights 


Number of workers ———> 
ON RO 0 3 rn 
F 
» 


80 120 160 200 240 280 
Monthly earning (in Hundred Rupees) ——9 


The above graph is the graph of histogram of the given grouped frequency distribution. 


Since the first class interval is start from 80 not from 0, hence we use a ‘kink’ or a break (z) on the x- -ray just after 0.  : 
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Wustration 2 : The tutto lug table gives the marks soured by TOO students in i enteanee examination, 


SNR S. | OH | 120 | 2040 | 20-40 | 40-80 | 0-00 | eo-70 | 70-80 
Noy of students 4 ra 
_ (Pyequency) |. ww l^ n MU 18 N 2 
Repeesent this data in the foc eta histogram, m 


SALUTON: 





O W 20 30. 40 SO 60 70 so Y 
Marks 
We represent the class limits along V-axis on a suitable scale and the frequencies along Y-axis on a suitable scale. 





Taking class-intervals as bases and the corresponding trequencies as heights, we construct rectangles to obtain the histogram 
of the given frequency distribution as shown in figure, 





Draw a histogram for the above data, 


SOLUTION : We represent the class limits along .V-axis on a suitable scale and the frequencies along Y-axis on a suitable scale 


Since the scale on X-axis starts at 50, a kink (break) is indicated near the origin to signify that the graph is drawn to scale beginnin 
at 50, and not at the origin, . " 





a 


E 


o 50 $55 60 65 70 75 80 85 90 x 
Weight (in kg) —————» 
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STATISTICS AND/PROBABILITY © = o artic am nr ae, 
(C) FREQUENCY POLYGON | 


It is a line graph of grouped frequency distribution plotted between class marks and frequencies. It can be obtzined in two ways 
(a) By first drawing Histogram and 
(b) Without drawing Histogram 


(a) Steps of Drawing Frequency Polygon (By First Drawing Histogram): 
Following are the steps 
(i) Draw the histogram from the given data 
/ (ii) Obtain the mid-points of the upper horizontal sides of each rectangle. 


(iii) Join these mid-points of the adjacent rectangles by dotted line segments. 


(iv) Obtain the mid-point of two assumed class intervals of zero frequency. One before the first and other after the last class 
interval. 


(v) Complete the polygon by joining the mid-point of class first to mid-point of its left adjacent class and mid-point of last ” 
class intervals to the mid point of its right adjacent class interval. 


Illustration 4 : Draw a histogram and a frequency polygon of the following data : 


IN 


No. of persons 












O 6 12 18 24 30 36 42 48 X 
Age ———3 


Now, join these mid points by dotted line segments. Complete the polygon by joining the mid points of first interval to the 
mid-point of its left adjacent assumed class interval of zero frequency and mid-point of last class interval to its adjacent right 
assumed class interval of zero frequency. 


(b) Steps of Drawing Frequency Polygon (Without Drawing Histogram) 
(i) First calculate the class marks (mid points) x,, x», X3, ..., x, of the given class intervals, 
(ii) Mark xj, X2, X3» +++» Xn along X-axis. 
(iii) Mark respective frequencies fi, fy» J3 +++» Sn along Y-axis. 
(iv) Plot the points (xj, f1); (2/2); CaA) +» (s f) 
(v) Join points plotted in step (iv) by line segments. 
(vi) Take two class intervals of zero frequency, one just before the first and other just after the last class interval given, Lo- 


cate their mid points. 
(vii) Complete the frequency polygon by joining the point (x,, f,) to the mid-point of the assumed class interval of zero fre 
quency just before the first class interval and (x,,, /;) to the assumed classed interval of zero fiequeney just right to the 


last class interval. 
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Illustration 5 : Construct a frequency polygon for the following data without drawing the histogram: 


Cis Interval [ 08 [ 16 [1623 [2532 [37:0 | 40-48 
[Frequency | * | m | 6 | 24 | 15] 7 


SOLUTION : Calculate class marks of given frequency distribution 
Class Mark (or mid-point) Frequency 














Class Interval 





ee E 








4 8 12 16 20 24 28 32 36 40 44 46 48 X 
Class Mark —» 


USE OF SUMMATION (=) NOTATION 


The symbol X (read: sigma) means summation. If x,, x», xs, ........ » X, are the ‘n’ values of a variably le their sum x,+ x, * x4 + 


n / 
— * x, is denoted by 3 x; or simply Zx. 
izl 


n 
Similarly the sum k,x, + kx, + 7 + k Xn is denoted by 2; kiX; or simply Dike 
i=l | 


n n 
Note : that > (a; +b) = a» x; + nb 
izl izl 


MEASURES OF CENTRAL TENDENCIES 


If the data is very large, the user cannot get much information from these data or its associated frequency distribution. In this case, 
the information contained in data are represented by some numerical values, called averages. These averages are also called measures 
of central tendency or measures of location because they also give an idea about the concentration of the values in the central part 
of the distribution of data which describes the Characteristics fo the entire data or its associated frequency distribution. 


The most commonly used averages are 
j 
/ 


(a) Arithmetic mean simply called mean 
(b) Median and 
(c) Mode 
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MEAN 
(1) MEAN OF UNGROUPED DATA 


Mean of a set of observations is their sum divided by number of observations. Mean is denoted by x. The mean x of n observations 
X15 X2, X4, «vserere X, is given by 


— X tX)tX,..... tx 


n 
» ud 
2-5) 
n n 


lifistration 6 : Find mean of 21, 22, 24, 26, 32. 





SOLUTION: X . *1+%2+%3+%4+x5 21+22+24+26+32 
5 E 5 
125 j 


a cw 25 
5 


Illustration 7 : The mean of 6, 10, x and 12 is 8. Find the value of x. 


*| 





Soturion: x — Hi a $*10*xs12 _ 28+x 
n 4 4 
28+x 
mt (7x =8) 
> 28*tx-52 > x-4, .. value of x is 4 


Some Important Results About Mean 
(i)  Ifeach observation is increased by ‘a’, then the mean is also increased by ‘a’. If x is the mean of n observations Xis 
x,» then the mean of observations (x, + a), (x2 + a), (x4 + a), ....., (x, + a) is (X +a). 


(ii) If each observation is decreased by ‘a’, then mean is also decreased by ‘a’. If x is the mean of n observations X; 
then mean of observations 


(x, — a), (x; - a), < , (x, — 4) is (x - a). . 
(iii) Ifeach observation is multiplied by a non-zero number ‘a’. Then, mean is also multiplied by ‘a’. If x is mean of n observations 


fuss 


X29, Xu 


Xj, X2; - Xp ; then mean of ax), ax», ......, ax, is ax. 
(iv) Ifeachobservation is divided by a non-zero number ‘a’, then mean is also divided by the non-zero number ‘a’. If X is the mean of 
Xi bs Xn . x 
n observations X,, Xz «+++» Xy then mean o reat in 
(a) Combined Mean : If Xj, X2,-Xy are the mean of k series having number of observations (or data) m, n», ....... , hy re- 


spectively then the mean x of the composite series is given by 
e" ny X +X +... XI 
7 ntn tacte 


Illustration 8 : The mean income of a group of persons is 400. Another group of persons has mean income € 480. If the 
mean income of all the persons in the two groups together is X 430, then find ratio of the number of persons in the group. 


\ SOLUTION ; z . "A2 “+ X, 2 400, x, =480, x - 430 
n, +n 


«439 = 710400) + (480)... 30, = 50m 


n t 
n 5 
| > == >n; n=5:3 
| n 3 


Hence, required ratio = 5 : 3 ; ? 


~ 
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(b) Weighted Mean: When the variable x}, x»,..., x,, do not have same importance, and the weights wj, Wz, +++. Wyp are given 





weighted arithmetic is given by X „ = NM. 
to each of the variables, the Ew, 


Illustration 9 : The following table contains the marks obtained by a student of class XI and the approved weightage for 
every subject prescribed by the selection committee of a professional colleges. 


(SNo. [Subject — [ Weightage | 
[a [english —|-— 1»  — 
[4 [Chemis | — 2 — 


Compare the arithmetic mean and weighted mean of the marks obtained. 









Marks Obtained 






SOLUTION : Calculation of mean and weighted mean 


.|Subject ^ | Marks Obtained (x) | Weight (w) 
English | oo 
Mathamatics 










Thus Mean = 22 = = a 74.75 marks 
n 
WX, 702 
and weighted mean = PA IE 


= 78 
Y» 9 marks. 
(ii) MEAN OF UNGROUPED (OR DISCRETE) FREQUENCY DISTRIBUTION 
Let fi, f, f, -s f, are the frequencies of x), x», X3, ...., x, then 
T fi + faxa + fax, + aeree fax, 


" A * tht f. 


n n 


X 
o x = <= LS s where N= DSi 
QUA 
i=l 


i=] ' i=] 


Illustration 10 : Find the mean of the following : 


Number | 8 | 10 
Frequency (| s | s 


SOLUTION ; 





Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 





x -——— 
n 
Lh 
i=] 
. 320 
x =e ee “. mean = 12.8 


MEDIAN 


(i) MEDIAN OF UNGROUPED DATA 


Median of a given number of observations arranged in ascending or descending order, is the middle most observation. If there 
are two middle most observation, then median is the average of these two observations. 


When the data is arranged in ascending or descending order then median is calculated as follows: 


th 
(a) When the number of observations (n) is odd, the median is the (=) observation. For example if there are 21 observations, 





th 
then (2 =] 1) observation will be the median of given observations. 


th th 
(b) Ifthe number of observation is even, then median is the mean of B and & 1) observations. For example if number 
Zz 


of observations are 20 then 


th th 
2) observation + (2 + 1) observation 


Median = 2 


10" observation + 1 1 observation 
10 "observation +11 observation 
2 


Thus median can be calculated as 


Median = 


th 
(i) median = (=+ observation, if ‘n’ is odd 


th th 
(ii) median = 6 observation + (z+) sero , if ‘m’ is even 


Illustration 11 : The monthly salaries (in X) of 10 employees of a factory are: 
12000, 8500, 9200, 7400, 11300, 12700, 7800, 11500, 10320, 8100. Find the median salary. 


SOLUTION: Arranging the observation in ascending order : 
7400, 7800, 8100, 8500, 9200, 10320, 11300, 11500, 12000, 12700 


Total number of observations (n) = 10 (even) 


' iEn th ! n 
‘an = —| | —| observation + E + 1) 
median 2 "| > 
th th 
= L e observation + (2 * 1) 
2X2 2 


- ;[5* observation + o^ observation | 


th 
observation 


sena 
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1 * Lj 


Median = = [2004 10320]= T 


Median = 9760 
Median Salary = € 9760 


(ii) MEDIAN OF UNGROUPED (OR DISCRETE) FREQUENCY DISTRIBUTION 
Consider the following ungrouped (or discrete) frequency distribution : 





We can find any observation from the above discrete frequency distribution table. Let us find the rth observation from the above 
discrete frequency distribution. 

(a) Ifr= F, where/ is a natural number then x, is the 7! observation. 

(b IfF,<r< Fp where s is a natural number then x,,, is the ph observation 

(c) Ifr«F| then x, is the r^ observation. 

From the above table, it is clear that total number of observations = F, 


+1 





. th 
If F,, is odd, then median = | F, observation 


WF th F | th 
If F, is even, then median = 3 e observation {2 + } observation 


Illustration 12 : Find the median of the following discrete frequency distribution : 





Here total number of observation = 20, which is even 


/ 
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orn SR open el l i RGAN E bd OLOR QNO 15:5 ance / 
Hence Medi | 20 : i 20 | 

lan => E] observation + oe observation | ' 
LT. nth ' th , “| 
=5[10 observation + 11 observation | 


-lq0415) -125 

2 jut 

MODE | | 
(i) MODE OF UNGROUPED DATA ! 


Mode of a set of observation is the observation(s) which comes maximum number of times i.e. the observation(s) of whose 
frequency is/are maximum. | 


Illustration 13 : Find the value of mode of the following data | 


f 


50, 70, 50, 70, 80, 70, 70, 80, 70, 50 qe, | 
SOLUTION : To find mode, we prepare ungrouped (or discrete) frequency table. | 


| 


In the above table we see that observation 70 is repeating maximum number of times i.e. frequenc of 70 is maximum. Hence 
the mode of the given set of observation is 70. 


(ii) MODE OF DISCRETE FREQUENCY DISTRIBUTION 


Mode of discrete frequency distribution is the observation(s) whose frequency is/are maximum. 





Illustration 14 : For what value of x, the mode of following data 17, 15, 16, 17, 14, 17, 16, 13, x, 16, 15, 15 is 17. 


SOLUTION: The frequency table of data except ‘x’ is shown below ‘ 


Observation [ [| 3 
rege [ 3 Lt bs | 3 


Frequency of three observation 15, 16 and 17 are 3. u | p 


Mode of given observation = 17 (given) un "m 
; viai of 17 should be more than that of 15 & 16 which is possible only if x = 17 


^. for x= 17, the mode of given distribution is 17. 


Properties of Mode : It is not effected by presence of extremely large or small observation. 


RELATIONSHIP BETWEEN MEAN, MODE AND MEDIAN  . , 


' Mode = 3 Median - 2 Mean : 


Illustration 15 : If the volue of mode and mean is 60 and 66 respectively, then find the value of median. 
u : 


SOLUTION: Mode = 3 Median - 2 Mean 
l 
: =— = 64 
Median = 3 (mode + 2 mean) 3 (60 + 2 x 66) 


ms Re qq, m PRA v ^""a-——— — i ' 
"PROBABILITY | : 
sily find the exact price of your purchase is 7 300. On the other hand, the 
hac go to buy d kg of n rs iera kg of sugar that will be sold during the day, but it is impossible to predict 
shopkeeper may have a go 


th Th ber of kg of sugar that customers will purchase during a day is random because the quantity can not be 
e exact amount. e num 


predicted exactly. 


ility is highest. . 

"en the sale, whose probability is 

E ; e E m vas a ee able to find the exact outcome, We generally use the word chance, probably or most 
o describe the situation, whe 


probably. 
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For example : 


(a) Probably India may win the cricket match against Pakistan. 
(b) Chances of Neha passing the MBA examination is very low. 


In all the cases, where it is not possible to find the exact outcome, we find the probability of occurrence of the outcome, 


SOME BASIC TERMS 


Random Experiments : An experiment whose outcome has to be among a set of events that are completely known but whose 
exact outcome is unknown is called a random experiment. For example, throwing of a dice, tossing of a coin are some examples 


of random experiments because their outcomes are among the set (1, 2, 3, 4, 5, 6) and (H, T) respectively but exact outcome is 
unknown. 


ta, b, c} represent a set whose elements are a, b and c. : 


Sample Space : It is the set ofall possible outcomes of a random experiment. For example, when a coin is tossed, sample space is 
(Head, Tailj. Sample space when a dice is thrown, is (1, 2, 3, 4, 5, 6} 


An Event of a Random Experiment : An event is a subset of a sample space of a random experiment. For example, the subset 
{2, 3, 5} is an event of throwing a dice whose sample space is {1, 2, 3, 4, 5, 6}. 
Trial : Performing an experiment once is called a trial. 


Equally Likely Outcomes: Different outcomes of a random experiment are said to be equally likely if the different outcomes 
have the same or equal chances of occurrence. For example, when a dice is thrown, each of the faces i.e., 1, 2, 3, 4, 5 or 6 are 
equally likely to appear. Hence, they are equally likely outcomes of throwing a dice. 


Favourable Outcome(s) of An Event : The outcome(s) which ensure the occurrence of an event are called favourable 


outcome(s) to that event. For example, the favourable outcomes to the occurrence of an even number when a die is thrown are 2, 
4 or 6. | 


MEASUREMENT OF PROBABILITY 


Suppose in a random experiment there are n outcomes, which are equally likely. Also suppose E be an event of the random experiment 
and there are m outcomes favourable to the happening of the event £. Then the probability P(E) of the happening of the event E of 
the random experiment is defined as | 


Number of outcomes favourable to happening the event 
PE Number of all possible outcomes of the random experiment \ 


m 
=> P(E)- z 
The probability of not happening the event E of the random experiment, 
. == m — | 
P(noE)orP(E)-1-P(E -1-— 2-7 


n n 
Clearly P(E) + PCE) 7 
Probability of any event is equal or greater than 0 (zero) but equal or less than 1. i.e. 0 < P(E) < 1. 





For example: On tossing a coin, there are two possibilities either head may come up or tail may come up. Therefore, total no. of 
possible outcomes = 2. 
The number of favourable outcomes for getting a head — 1 


1 
”. Probability of getting a head, P(H) = 2 


Similarly, probability of getting a tail, P(T) = I 
IMPOSSIBLE EVENT 


In throwing a die, there are only six possible outcomes 1, 2, 3, 4, 5 and 6. Let we are interested in getting a number 7 on throwing 
a die. Since no face of the die is marked with 7, so 7 cannot come under any circumstances. Hence getting a 7 is impossible, this 
type of event is called an impossible event, 


PM =2=0 


Probability of an impossible event is always zero. 
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STATISTICS AND PROBABILITY 


SURE EVENT 





Suppose, we want to find the probability of getting a number less than 7 in a single throw of a die having numbers 1 to 6 on its 
six faces. We are sure that we shall always get a number less than 7 whenever we throw a die. So the above event is sure event 
P (Getting a number less than 7) = 2 = 


Probability of a sure event is alway 1. 


Illustration 16 : A card is drawn from a well shuffled deck of 52cards. Find the probability of (i) getting an ace (ii) getting 
a queen of red suit (iii) getting a club card. | 


52 cards are divided into 4 suits of 13 cards each. The suits are : spades (4), hearts (Y), diamonds (+) and clubs (4). In 
! each suit, there is an ace, a king, a queen, a jack, 10, 9, 8, 7, 6, 5, 4, 3 and 2. 


SOLUTION : Total number of possible outcomes — 52 (i.e., 52 different cards.) , 
(i) There are 4 ace cards in the pack. Event E j İs to get an ace card. So, 4 outcomes favour the event £}. 

Therefore, P(E p» i.e., P (getting an ace) = = = 4 
(ii) There are 2 queens of red colour, i.e., red suits. Event E» is to get a queen of red suit. So, 2 outcomes favour the event E». 


Therefore, P(E»), i.e., P (getting a queen of red suit) = 3 z = 


(iii) Event E, is to get a club card and there are 13 club cards. 


B 


Therefore, P(E 3) i.e., P (getting a club card) = = I 


MISCELLANEOUS 


ere ae The mean of discrete observations y,, y», .......... s J, is given by — 


n n 
n 

2 Ji Ji fi 
2," i 2. iJi 


(b) i= (c) 





DSi 
(d i o 


n Şi " i Y f 


i-l 


(a) 


SOLUTION : (a) 


If the mean of the numbers 27 + x, 31 + x, 89 + x, 107 + x, 156 + x is 82, then the mean of 130 + x, 126 + x 
68 + x, 50 + x, 1 + x is— 


(a) 75 (b) 157 (c) 82 (d) 80 
SOLUTION : (a) 


(27 + x) + (31+ x) + (89 + x) + (107 + x) + (156 + x) 
5 


=> 82x5=410+5x => 410-410=5x => x=0 


Given, 82 = 
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130-x*126- x 68-x-50-x-l-x 
5 


s SIIr. 37540 ..378 
X=- = —— = — z: 75 
5 5 5 


The number of observations in a group is 40. If the mean of first 10 is 4.5 and that of the remaining 30 is 3.5, 
then the mean of the whole group is — 


1 15 
(a) z are (c) 4 (d) 8 
SOLUTION : (b) 
Hy F Xo Teneo + X10 a 
10 7 


Required mean is, X= 





> XH XQ tee + XQ = 45 and x, * xj5 * ** + X49 = 105 


d eem * X49 7150 


X TX Tee * X40 150 15 : 


40 ^40 4 | 


J 


In a class of 100 students there are 70 boys whose average marks in a subject are 75. If the average marks of 
the complete class are 72, then the average marks of the girls is — 


(a) 73 (b) 65 (c) 68 (d) 74 
SOLUTION : (b) 


Let the average marks of the girls students be x, then 


PLR IU XX (Number of girls = 100 — 70 = 30) Le.; — — ^ ox-65 


The median of a set of 9 distinct observations is 20.5. If each of the largest 4 observation of the set is increased 
by 2, then the median of the new set — 

(a) Isincreased by 2 : (b)  Isdecreased by 2 

(c) Is two times the original median - (d) Remains the same as that of the original set 


72 


$OLUTION : (d) 


A 9+1 " th . 
Since n = 9, then median = | 757). = 5 observation 


Now, last four observations are increased by 2. 
The median is 5th observation, which is remaining unchanged. 


There will be no change in median. 


ET: A set of numbers consists of three 4's, five 5's, six 6's, eight 8's and seven 10's. The mode of this set of | 
numbers is— 

(a) 6 (b 7 

(c) 8 (d) 10 

SOLUTION : (c) Mode of the data is 8 as it repeated maximum number of times. 

Mean of 25 observations was found to be 78.4. But later on it was found that 96 was misread 69. Find ' 
the correct mean, 


-—^ 


a oe is 
SOLUTION : Mean Y= P or Ex ^nX = Sum of 25 observations 


Xx = 25 x 78.4 = 1960 
= sum of 25 observations 
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Sum of 24 obs. + 69 = 1960 

As 69 was misread in place of 96 

Sum of 24 obs. + 96 = 1960 — 69 + 69 * 
Sum of 25 obs. = 1987 


Correct mean = = 79.48 


— 


The values of (x) in ascending order as follows : 
8 ll 12 16 l6+x 20 


If the median is 18, then find the value of x. 
SOLUTION : Here total number of variate is 8 therefore the two middle terms are 16 and 16 +x respectively. 


Therefore median = corte) = 18 (Given) 


tw 
un 


30 


=> 32+x=36 => x-4 
Therefore value of x = 4. 


Draw a histogram for the following data : 


[Cass Mark | 125 [175 | 225 [ 5 [ors |S 
[ Few, | 7 [| 13 | 20] 2 [0] s 


SOLUTION: h = Class-size = Difference between two consecutive class-marks = (17.5 — 12:5) =5 






22 ` ` 
Subtract 2.5 from each class-mark to get lower-limit. And, add 2.5 to the class-mark to get upper-limit. 
Thus, the given frequency distribution in exclusive form will be as given below : 


[ was | 7 | 
[3m |  — 
[2530 | 29 — 
[19 
PPS NAE 









Now, along x-axis, mark the points 10, 15, 20, 25, 30, 35 and 40 and along y-axis, mark the corresponding points , 
1,1320; 29, 10, 3. à 
Construct rectangles with class-intervals as bases and the corresponding frequencies as heights, as shown. 

r 





40 


Frequency 


O 5 10 15 20 25 30 35 40 X 
Class interval ———» 
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The marks obtained by a set of students In an examination nre given below : 


Cs pw [as 
DNcersuae [6 [ 3 | 5 — 


If the mean of the above data is 18, calculate the numerical value olx, » 


SOLUTION : From the above data, we may prepare the table given below ; ` 








Lj " (520 + 25x) 


Efix; (520425x) 


Mean = - 
37 24x) But, mean = 18 
520+ 25x 
s = 18 => 520+ 25x = 18 (32+ x) => 7x 2 56 x 2 8, Hence, x - 8 


rela For the following frequency table, draw a histogram 





SOLUTION: |n the given histogram, class-intervals arc taken on the x-axis and the corresponding frequencies on the y-axis. The 
ng of each rectangle is equal to the corresponding frequency in that interval. 






Histogram 


20 


Frequencies 





1 
MM 


O 10 Ml E HM 60 4 90 X 


Class Intervals 
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STATISTICS AND PROBABILITY MEE o T (273) 
hend 6. 
M Ace Calculate the median score for the following scores : 
(a) 2,27, 15, 10, 8, 13, 30 (b) 2, 22, 25, 8, 12, 17, 3, 10 
SOLUTION : 


(a) The scores in ascending order : 
2, 8, 10, 13, 15, 27, 30 
Since, there are 7 scores 

.. median = 4th score = 13 

(b) The scores in ascending order : 
2, 3, 8, 10, 12, 17, 22, 25 
Since, there are 8 scores 


; l 
median = z ath score + Sth score) = = (10 +12)=11 


aM EEN Find the value of k from the following data if mean of the given data is 16. 





415 + 15k 


|. 415+15k 
25+k 


(25 +k) 16=415 + 15k 

400 + 16k = 415 + 15k 

16k - 15k = 415 - 400 
= 15 


Construct a frequency polygon for the following data: 





Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


Class 9 Part A IIT JEE KVPY NSEJS Foundation Mathematics by K K Anand Chennai SmartEdu for 
Standard 9 


pa ve ans far 


gre cette Se EE PE Ey. Mathematics 


SOLUTION: First we obtain the class marks as given in the following table: 


Age E ium EE Marks 









Now, we plot the points (1, 2), (3, 4), (5, 6), (7, 8), (9, 9), (11, 6), (13, 5), (15, 3), and (17, 1). 
Now, we join the plotted points by line segments. The end points (1, 2) and (17, 1) are joined to the mid-points (—1, 0) and (19, 0) 
respectively of imagined class-intervals to obtain the frequency polygon. 


Frequency 


Age (in years) ——————> 


NET ME There are 52 students in class 10th of a school out of which there are 35 girls and 17 boys. The class teacher 
has to select one student as a class representative. She writes the name of each student on a separate card, the cards being 


identical. Then she puts the cards in a bag and stirs them thoroughly. She then draws one card from the bag. What is the 
probability that the name written on the card is the name of (i) a girl? (ii) a boy? 


SOLUTION: 
Total number of cards with different names written on them = 52 
The number of the cards on which the names of the girl students written = 35 


The number of the cards having boy names = 17 | 
We write G for the event of the card drawn with name of a girl and write B for.the event of the card drawn with name of a boy. 


35 outcomes favour the event B and 17 outcomes favour the event B. 


35 
Then P(G) = 52 and P(B) = zz 


Also, we note that the two events are complementary and P(G) + P(B) = 1. 
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STATISTICS AND PROBABILITY 





y 1 2. 
ana P NR NE NS gar N 7k idu ^h. i 
M ^ Aa d ffe a AN à a a CI E t X <a Sen : 
" Ww bb MEI MM AGE d DU t UN t abe uf iy ae yu 


REN A bag contains 7 red balls and 6 green balls. A ball is drawn at random from the bag. What is the 
probability of getting (i) a red ball? (ii) a green ball? (iii) a black ball? (iv) a coloured ball? s 


SOLUTION: 

Number of red balls = 7 i 

Number of green balls = 6 

Total number of balls in the bag = 7 + 6 = 13 

All the 13 balls are coloured balls ; 


No ball in the bag is black. 

. 7 6 

i) P (a red ball) = — ii I) = — 
(i) ) T (ii) P (a green ball) T 

see 0 e 13 
(iii) P (a black ball) = 13" 0 (iv) P (a coloured ball) = aa 1 


eae ams Cards each marked with one of the numbers 8, 9, 10, 11, 12, ..., 30 are placed in a box and mixed 
thoroughly. One card is drawn at random from the box. What is the probability of getting (i) an even number? (ii) an 
odd number? (iii) a prime number? (iv) a number multiple of 5? (v) a number divisible by 3? 


SOLUTION: 
The possible outcomes 8, 9, 10, 11, 12, ..., 30 are in all 23 (total number of possible outcomes) 
. 12 
(i) P (an even number) = P (8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30) = 23 


. (ii) P (an odd number) = P (9, 11, 13, 15, ..., 29) = A 
(iii) P (a prime number) = P (11, 13, 17, 19, 23, 29) = 5. 
(iv) P (a number multiple of 5) = P (10, 15, 20, 25, 30) = x 
(v) P (a number divisible by 3) = P (9, 12, 15, 18, 21, 24, 27, 30) = E 


PEE The population of 50 villages in a state is given below: 


Number of Villages 















9000 
10000 
7 





Find the mean population of the villages of the state. 
SOLUTION: The mean x is given by 


_ (6000 x 8) + (7000 x 10)+ (9000 x 12)+ (10000 x 5)+ (11000 x 7) + (13000 x 6)+ (15000 x 2) 
=" 8+10+12+5+7+6+2 : 





i.e., the mean population of the village is 9220. 
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Saati oe le un wort Baty Bt mappy r 
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M ce oM » . 
M Ns " 


T APIS Aa aas! e d ATPase cod 







‘=, 

» 
* > 
BE 


DIRECTIONS: Complete the following statements with an 
appropriate word / term to be filled in the blank space(s). 


1. is the value of the middle most 
observation (s). 

2. The is the most frequently occurring 
observation. 

3. is found by adding all the values of 
the observations and dividing this by the total number of 
observations. 

4. can also be drawn independently 
without drawing a histogram. 

5. If n is an odd number, the median = value of the 
| . Observation. 

6. An activity which results in a well defined end is called 


an . 
7. Total number of results are called 


8.  Probabilityofaneventcanbeany 
‘from 0 to 1. 
9. A is an action which results in one 


of several outcomes. 


10. Number of favourable outcomes for an event cannot be 
than the number of total outcomes. 
11. The 
calculated by P(E) = 
12. An experiment is cali. da 
if all the possible outcomes are predecided. 


13. Probability is a measure of 


probability of an event E can be 


experiment 


an vig NY E» s pe In, TN E ‘4 
5 j y bs Fy , , an 
1 


Di My Ake 
‘A A i An! 4 
pe Yad óa s. as d fü de. te HUG pau d p 


14. When the outcome of an experiment satisfies the condition 
mentioned in the event, then we say that event has 
(or happened). 
15. An for an experiment is the 
collection of some outcomes of the experiment. 


DIRECTIONS: Read the following statements and write your 
answer as true or false. 








1. Ifa coin is tossed thrice, the total number of outcomes is 
8. 


2. Probability of the occurrence of an event always lies 
between! and -1. 


Total number of outcomes in a throw of two dice is 12. 


The sum of probabilities of occurrence and not occurrence 
of an event is always equal to 1 


Total number of trials 


MEL igo mmt: 
Number of trials in which E has happenex 


6. The experimental probability of an event is a negative 
number. 


7. The experimental probability of an event is greater than 
l. 


8. Tossing a coin 50 times is called an experiment. 


9. When a die is rolled, the number of outcomes for getting a 
composite number is 2. 


10. When a die is rolled, the probability that the number on the 
face showing up is greater than 6 is 0. 


EE 7797975979 
DIRECTIONS: Each question contains statements given in two columns which have to be matched. Statements (A, B, C. D...) in 
Column I have to be matched with statements (p, q.r, s, ....) in column II. 


1. Column I Column ll 
(A) Mode of the data 15, 14, 19, 20, 14, 15, 16, 14, 15, 18, 14, 19, 20, 15, 17, 15 is (p 64 
(B) The range of the data 25, 18, 20, 22, 16, 6, 17, 15, 12, 30, 32, 10, 19, 8, 11,20 is (qa) 105 


(C) The class mark of the class 90 — 120 is 


(0)  172.5-22.5 


(D) The class marks of a frequency distribution are given as follows: 15, 20, 25, ...... (s) 15 


The class corresponding to the class mark 20 is 


(E) The following observations are arranged in ascending order: (t) 26 
26, 29, 42, 53, x, x + 2, 70, 75, 82, 93. If the median is 65, then the value of x is 
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2. Column I Column II 
2 
(A) The probability of getting one or more tails in the toss of two coins simultaneously is (p) 13 
(B) During rainy season of 90 days, it was observed that it rained on 20 days only. (q) 0.8 
Then the probability that it did not rain on a day is 
E 
(C) The probability of not getting a prime number in a single throw of a die is . (r) 10 
! ] 
(D) In a one-day cricket match Kohli faced 30 balls and hit 9 boundaries. The probability (s) 2 
that he did not hit a boundary on a ball is 
3 
(E) The sum of all the probabilities is (0 6 
| a 
(F) Probability of getting an even number on a die will be (u) 10 
> ; ; 6 
(G) A bag contains 12 pencils, 3 sharpeners and 7 pens. If we take out one item (v) i 
from the bag at random, probability of drawing a pencil is 
7 
(H) Ina medical examination of students of a class, the following blood groups are recorded (w) 9 
A student is selected at random from the class. The probability that the student has blood 
group B is 
3 
(I) Ina sample study of 642 people, it was found that 514 people have a high school - (x) Fi 
certificate. If a person is selected at random, the probability that the person has a 
high school certificate is 
(J) The probability of getting a king or a queen, if a card is drawn from a well shuffled pack of (y 1 


cards, is 


p» Voy Shou Ans uti 


DIRECTIONS: Give answer in one word or one sentence. 


A coin is tossed 50 times with 17 head. Find the probability 


fonte TUNE CIE TP TRUTIO ag EE alan Saale Sr e rU eos 
SAQ a s TA A $ o age S T D LI 
(os AS a T; WLO) 4 i wn ee 






a 








1. s 1. | 1f 6, 4, 8 and 3 occur with frequencies 4, 2, 5 and | 
of getting a tail. i i : 
2. What is fe sum of probabilities of different events in an ecu: ien Me the arithmetic mean. 
experiment? à; 2.  Findthe mean ofthirty numbers where mean of ten numbes 
3. Consider the data : 2, 3, 9, 16, 9, 3,9. Since 16 is the highest . is 12 and that of the remaining 20 is 9. 
value in the observations, is it correct to say that itis the 3, 100 surnames were randomly picked up from a local 
2 ad ec n reason. telephone directory and a frequency distribution of the 
4. Define the term Median. number of letters in the English alphabet in th 
. ili ing a jack or an ace from a pack E p € surnames 
s. d uei imi d was found as follows : 
p - 
6. : die is thrown once. Find the probability that 3 or greater Number of letters Number of surnames 
than 3 turns up. — 
7. A coin is tossed twice. What is the probability that head 
|... will appear twice ? 
8. What do you mean by primary data? 
9. Give five examples of data that you can collect from 
your day-to-day life. 
10. Explain the term ‘Frequency’. (i) Draw a histogram to depict the given information. 
11. Write a formula to calculate the class-mark. . (ii) Write the class interval in which the maximum 
12. 


The class marks of a distribution are 6, 10, 14, 18, 22. 26. 
30. Find the class size and the class intervals. 


number of surnames lie. 
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4. If two dice are tossed, find the probability of throwing a 
total of ten or more. l 
5. One hundred cards are numbered from | to 100. Find the 
probability that a card chosen at random has the digit 5. 
6. Find the mean of the factors of 12. 
7. The following is the distribution of weights (in kg) of 50 
persons : 
Weight (in kg) Number of persons 
\ 12 " 
8 
3 
4 
5 
7 7 
6 
3 
Total = 50 
Draw a histogram for the above data. 
8. Draw a histogram for the following data : 





9. 





10. 


11. 


12. 


50-52 41-43 | 38-40 | 35-37 | 32-34 
interval 


EEI 


The scores of two groups of class IV students on a test of 


reading ability are given below 





[o8 | 20 | 2 | n | 
[simum 


Construct a frequency polygon for each of these groups on 









the same graph. 


At a shooting competition, the scores of a competitor were 
as given below : 

[Score —  [:1|2|3]|24]|5. 
Cells. 


(i) | What was his modal score? 
(ii) What was his total score? 


(iii) What was his mean score? 

The mean of the age of three students Reema, Dipanshu 
and Bhavya is 15 years. If their ages are in the ratio 4 : 5 : 
6 respectively, then find their/tespective ages. 


Read the following-bar gfaph given in fig. answer the 
d Á 


PC x 
ollowing ons : 
N 


Coal production (in million tonnes) ———* 


e 
oO 


DSSS NN! 993-94 


N 
C 
= 


A. 


(i) . What information is given by this bar graph? 


A 
; M.P. 


a] 


(ii) Which two states have same production in 
1993-94? 

(iii) Name the state having same production in both the 
years? 


(iv) Which state has minimum production? 


Áo I . — oft v l— 
m E E E S TER a = 
DE T 
da 


quere aet e 


CAR d AA 2 Lar LUC c tes 









DIRECTIONS: Give answer in four to five sentences. 


l. 


as 


The following table gives the distribution of students of 


two sections according to the marks obtained by them: 
Section A Section B 
(class) (frequency) | (frequency) 


Lom [ou | 
— 2 | 0 | 





^ 
2 


Represent the marks ofthe students of both the sections on 
the same graph by two frequency polygons. From the two 
polygons compare the performance of the two sections. 
The mean of 1, 7, 5, 3, 4, and 4 is m. The observations 3, 
2, 4, 2, 3, 3 and p have mean (m — 1) and median q. Find p 
and q. 
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3. Find value of p if the mean of the following data is 40.4. 


Variable (x) Frequency (/) 












4. Find the mean of the observations 25, 27, 19, 29, 21, 23, 
25, 33, 28, 20 and show that sum of the deviations of the 
mean from the observations is zero. 


E a a 


5. 30 children were asked about the number of hours they 
watched TV last week. The results are recorded as under: 


rE [om [is 
[Frequency] 8 | 16 | 4 | 2 


Can we say that the number of children who watched TV 
for 10 or more hours a week is 22? Justify your answer. 


6. Draw a histogram for the following data: 





















7. The length of 40 leaves of a plant are measured correct to 
one millimetre, and the data obtained is represented in the 
following table : 





Length (in mm) | Number of leave) 


118-126 











O oU Ww 













127-135 
136-144 
145-153 12 
154-162 5 
163-171 4 
172-180 2 





(i) Draw a histogram to represent the given data. 


(ii) Isthere any other suitable graphical representation for 
the same data? 


(iii) Is it correct to conclude that the maixmum number of 
leaves are 153 mm long? Why? 

Following is the distribution of ages (in years) of teachers 

working in a primary school : 


Age (in years) Number of teacher 





(a) Determine the class limit of third class interval. 

(b) Determine the class size. 

(c) Determine the class marks of fifth class intervals, 

(d) How many teachers are in the age group 26 to 48 
years. 
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Um Wultiple Choice Questions 
DIRECTIONS: This section contains multiple choice questions. 


Each questions has 4 choices (a), (b). (c) and (d) out of which 
ONLY ONE is correct. 











1. Ina frequency distribution, the mid value of a class is 10 
and the width of the class is 6. The lower limit of the class 


(a) 6 (b) 7 
(c) 8 (d) 12 

2. Ifthe mean of the observations x, x + 3, x + 5, x + 7 and 
x + 10 is 9, the mean of the last three observations is 


l 2 
10— b) 10— 
(a) 3 (b) 3 
l 2 
e: ne 
() M5 (d) nz 
3. If X represents the mean of n observations Xj, X», sses 


n 
Es then value of Gi —X) is 
(a -1 i=l (b) 0 
(č) 1 (d) n-1 
4. Let X be the mean of x), x5, ...... x, and y the mean of 
yi yo eeue Ve lf z is the mean of x}, x», ....., X4 Vj Yn 
then Z is equal to 











T x+y 
(a) x+y (b) 2 

x4y Sat 
(c) : (d) M 


Of ax), ax», ....... (OX, : E TE a is 
(a) (a++) (b) (LE 
a 2 
= bl 
] 
(o) (lE (d) op, 
2n 


6. The mean of 100 observations is 50. If one of the 
observations which was 50 is replaced by 150, the resulting 


mean will be 
(a) 50.5 (b) SI 
(c) 51.5 (d) 52 


XERCISE 


12. 


13. 


14. 





Mean of 20 observations is 15.5 Later it was found that the 
observation 24 was misread as 42. The corrected mean is: 
(a) 142 (b) 14.8 

(c) 14.0 (d) 14.6 

In some given data, some variables are given with particular 
values. We want to represent these graphically. Then we can 
represent these, using 

(a) histogram (b) frequency polygons 
(c) bar graph (horizontal) (d) Tally marks 

In a morning walk, | took 20 rounds of a park. During 
this period | came across person A, person B, person C 
and person D, 11 times, 7 times, 10 times and 5 umes 
respectively. I want to represent this data graphically. Which 
of the following is the best representation? 

(a) Bar graph 

(b) Histogram with unequal widths 

(c) Histogram with equal widths 

(d) Frequency polygon 

The mean of six numbers is 30. If one number is excluded, 


the mean of the remaining numbers is 29. The excluded 
number is 


(a) 29 (b) 30 

(c) 35 (d) 45 

Probability of an event can be 

(a) -0.7 b) u 
(b) 9 

(c) 1.001 (d) 0.6 


In a class of 40 students there are 120% bovs. Then the 
number of boys is 


(a) 48 (b) 24 
(c) 80 (d) None of these 


A coin is tossed 40 times and it showed tail 24 times, The 
probability of getting a head was 


3 
(a) 5 tb) s 

l 17 
(c) 2 (d) 40 


A bag contains 10 balls, out of which 4 balls are white and 
the others are non-white, The probability of getting a nor 
White ball is 


2 J 
(a) n (b) s 
(c) l ì ? 
2 © 5 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


(i) 


If E is an event, then 
(a) 0<P(E)<1 (b) O0<P(E)<1 
(c) O<P(E)<1 (d O«P(E)&«I 


In an experiment, the sum of probabilities of different 
events 1S 


(a) ! (b) 0.5 
(c) -2 (d) 0 
The probability of happening of an event is 37%. Then 
probability of the event is. 
(a) 37 (b) 0.037 
(c) 3.7 (d) 0.37 
If a coin was tossed 100 times, out of which 65 times we 
got head and 35 times tail. Then the probability of not 
getting a tail is 
(a) 6.5 (b) 7.5 
(c) 65 (d) 35 
In rolling a dice, the probability of getting number 8 is - 
(a) 0 (b) 1 
l 
(c) -1 (d) 2 


Two dice are rolled simultaneously. Find the probability 
that they show different faces. 


(a) (b) 


Wl Ala 
Alural— 


(c) (d) 


Marks scored by Reema in an examination (out of 100 
marks) in different subjects are shown by the bar graph 
given below. - 


ON 
© 


Marks i — 


N 
© 





> FP Ç s 
m 


In which subject is Reema the best? 
(b) English 
(d) Social 


(a) Science - 
(c) Mathematics 


mge E n » 4 r 
o n Irem TPH ANIM mg is d. Y E T^ Í ^ PLAT 


(ii) In which subject is Reema weakest? 


(a) Hindi (b) Social 
(c) English (d) Science 
(iii) The ratio of the highest marks to the lowest marks are 
(a) 2:1 (b) 1:2 
(3 3:42 (D 2:3 
(iv) The average marks obtained by Reema are 
(a) 33 (b) 50 
(c) 66 (d) 75 
(v) The percentage of marks obtained by Reema are 
(a) 7576 (b) 66% 
(c) 5096 (d) 46% 
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DIRECTION: This section contains multiple choice questions. 
Each question has 4 choices (a), (b), (c) and (d) out of which 





ONE OR MORE may be correct. 

1. Which of the following is/are measure of central 
tendency? 
(a) mean (b) median 
(c) Variance (d) mode 


2. Given below are the seats won by different political par- 
ties in the polling outcome of a state assembly election : 


Political party —|A — |B — |C — |D | 
The graphical representation will be 

(a) ahistogram . 

(b) a vertical bar gráph 

(c) a horizontal bar graph 

(d) a frequency polygon curve 


3. Which ofthe following is/are experiment? 


(a) Tossing a coin 
(b) Rolling a single 6-sided die 
(c) Choosing a marble from a jar. 
(d) None ofthese 
4. Which ofthe following is/are not outcome? 
(a) Rolling a pair of dice. 
(b) Landing on red. 
(c) Choosing two marbles from a jar. 
(d) Tossing a coin. 


5. Which of the following is not the sample space when two 
coins are tossed? 


(a) (H,TH,T) 
(c) (HH, HT, TH, TT) 


(b) (H, T) 
(d) (HH, TT) 
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6.  Afrequency polygon can be 





(a) drawn using histogram 
(b) drawn using bar graph 
(c) drawn independently 
(d) drawn using tally marks 
7. Measure of central tendency represents 
(a) averages 
(b) central value 
(c) mean, median and mode 
(d) None ofthese 
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DIRECTIONS : Study the given paragraph(s) and answer the 


following questions. 





PASSAGE-I 


A tyre manufacturing company kept a record of the 
distance covered before a tyre needed to be replaced. The 


table shows the results of 1000 cases. 
214000 


Table-I 
Frequency} 20 | 210 | — 325 | 445 | 


Distance |. /006|4000 to 9000|9001 to 14000 

(in km) 

If you buy a tyre of this company, what is the probability 
that: 


(i) It will need to be replaced before it has covered 
4000 km? | 


(ii) it will last more than 9000 km? 
(iii) It will need to be replaced after it has covered 
somewhere between 4000 km and 14000 km? 
PASSAGE-II 


Over the past 200 working days, the number of defective 
" parts produced by a machine is given in the following 
table: 










No. of 
defective 


which the 
| defective 
parts 
produce 





Find the probability that tomorrow's output will have 
(i) no defective part 


(ii) at least one defective part 
(iii) not more than 5 defective parts 
(iv) more than 13 defective parts 


- . "C Mathematics 
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DIRECTIONS: Each of these questions contains an Assertion 
followed by reason. Read them carefully and answer the question 
on the basis of following options. You have to select the one that 
best describes the two statements. 





(a) 


N. 


É 


> 


t^ 


If both Assertion and Reason are correct and Reason is 
the correct explanation of Assertion. 


If both Assertion and Reason are correct, but Reason is 
not the correct explanation of Assertion. 


If Assertion is correct but Reason is incorrect. 
If Assertion is incorrect but Reason is correct. 


Assertion : Mode of the given data 110, 120, 130, 120, 
110, 140, 130, 120, 140, 120, is 120. 


Reason : The observation that occurs most frequently, 


i.e., the observation with maximum frequency is called 
mode. 


Assertion : Median of the given data 34, 31, 42, 43, 46, 
25, 39, 45, 32, is 39. 


Reason : When the number of observations (n) is even, 


th h 
the median is the mean of the Bg and (z+) 
observations. : 2 


Assertion : In a class there are x boys. and y girls, A 
student is selected at random, then the probability of 


selecting a girl is 2 . 
x 


Reason : Probability of an event E of an experiment 
is ratio of the number of trials in which event E has 
happened to the total number of trials. 


Assertion : The difference between the maximum and 
minimum values of a variable is called its range. 


Reason : The number of times a variate (observation) 
occurs in a given data is called range. 


Assertion : Tossing a coin 50 times is called an event. 


Reason : The possible outcomes of an experiment are 
called events. 


Assertion : If the median of the given data 26, 29, 42, 
53, x, x + 2, 70, 75, 82, 93, is 65 then the value of x is 64. 


Reason : When the number of observations (n) is odd 


th 
the median is the value of the (=) observation. 
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DIRECTIONS: Answer the following questions. 
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. 
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9 


The mean of 121 numbers is 59. If each number is multi- 
plied by 4. What will be the new means? 

Ud, i (b) 235 

(c) ` 236 (d) 237 

Consider a small unit of a factory where there are 
5 employees : a supervisor and four labourers. The 


labourers draw a salary of X Rs 5,000 per month each. 


while the supervisor gets € 15,000 per month. Calculate 
the mean, median and mode of the salaries of this unit of 
the factory. 


n 

Prove that Gi -X)-0 where x is the mean of the 
i=l 

n observations x, X», ... X, 


M SEN oa RUE ry acc UT T er MISES Dea d 3 7 a 
MR SUE ille E E cs 


In a data, 10 numbers are arranged in ascending order. 
If the 8'^ entry is increased by 6, then what will be the 
change in median. 


There are six numbers. Combinations of 3 numbers are 


selected and their mean was calculated. The resulting 


means were 2, 4, 6, ... 36, 38, 40. What is the average of 
the original six numbers? 


The mean of 10 numbers is 20. If 5 is subtracted from every 
number, what will be the new mean? 


Out of ten students, who appeared in a test, three secured 
less than 35 marks and three secured more than 70 marks. 
The marks secured by the remaining four students are 39, 
51, 69 and 43. Determine the median score of the whole 
group. 
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EXERCISE-1 





FILL IN THE BLANKS 





l. Median 2. mode 
3. Mean 4. Frequency polygon 
5. n+1)\" 6. Experiment 
2 
7. Outcomes 8. Fraction 
9, Trial 10. Greater 
l1. Emperical 12. Random 
13. Uncertainty 14. Occurred 
15. Event 
TRUE/FALSE 
l. True 2. False 3. False 4. True 
5. False 6. False Ja False 8. True 
9. True 10. True 


MATCH THE COLUMNS 


l. 


(A) > (s); (B) > (t); (C) > (a); (D) > (r); (E) > (p) 
(A) Most occuring observation is 15. 
(B) Highest data value is 32 and the lowest is 6 
Range = highest value — lowest value 
= 32-6 - 26. 
(C) Class-mark = MT - u =105 
(D) The class corresponding to the class mark 20 is 


L920 135 195 und 55122, 9 22 
2 2 2 





given as 








(E) Since the number of observations is 10 (even) 


à; Sh obs + 6" obs 
" Median = ——— ——— 


X*x*2 2x42 
= = = =x 
2 2 
=> x= 64. 
(A) > (x); (B) — (w); (C) (t); (D) > (r); (E) > (y) 
(F) > (s); (G) > (v); (H) > (u); (1) > (q); (J) —> (p) 


65 +1 





VERY SHORT ANSWER QUESTIONS 


l. 


No. of head = 17 
”. No. of tail = 50 — 17 = 33 
Total no. of trials = 50 


33 
-. Required prob = 75 


i1. 
12. 


Required sum = 1 

16 is not the mode of the data. The mode of a given data 
is the observation with highest frequency and not the 
observation with highest value. 

The median is that value of the given number of observations, 
which divides it into exactly two parts. 

Total number of cards = 52 as there are four Jacks and four 
aces, the number of favourable cases — 8 


-. The required probability = p-—-— 
n = Number of all cases = 6 


m = Number of favourable cases = 4 (since the numbers 
that appear are 3, 4, 5, 6) 

4 2 
-. The required probability = p= = ma 
Here, the total number of cases = 4 i.e. HH, HT, TH, TT. 
The number of favourable cases = 1 i.e. HH. - 
-. Required probability = p= = - 

n 

When the information was collected by the investigstor 
herself or himself with a definite objective, the data obtsined 
is called primary data. 


(i) Heights of students in our class. 
(ii) Number of class-rooms in our school. 
(iii) Water bills of our house for last three years, 


(iv) 


Election results 
newspaper. 


obtained from television or 


(v) Literacy rate figures obtained from educational 
survey. 


Frequency : It is a number, which tells that how many times 
does a particular data appear in a given set of data, 


E.g. consider the following set of data : 1,2, 0, 3,2, 1, & 
4.32, 1,2 


In the given set of data, | appears 3 times, frequency of 
l is 3. ! i 


Similarly, 2 appears 4 times, therefore frequency of 2 is 4 
and so on. 
Class-mark = UPPer class limit + lower class limit 

^ 


c 


Class size = 10-6 =4 


Class intervals are : 4-8, 8-12, 12-16, 16-20, 20-24, 
24-28, 28-32. 
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STATISTICS ANO PROBABILITY ee ctum pes 
SHORT ANSWER QUESTIONS The number of ways in which a total of 12 can be thrown 


in (6, 6) i.e. 1 way. 
m = number of favourable cases = 3 + 2+1=6 
n = Total number of cases = 6 * 6 = 36 

6 |] 


MP = NE. Dom Au 
<. Probability = P = 236 6 


1. Frequency table 


s Total number of cases = n = 100 
All the numbers from 50 to 59 have the digit 5. They are 
10 in number. Besides these numbers the numbers 5, 15, 
25. 35. 45, 65, 75, 85, 95 have the digit 5. These are 9 in 
75 number. 
Number of favourable cases = m = Number of numbers 
which have the digit 5 = 10+ 9 — 19 
10 m 19 





-. Required mean = Mixi = ——=625 
lf, 12 


s 10x12+20x9 120 +180 
2. Recured mean: = 7700 Er Se ee ae s 
E 30 30 7 ae Probability P =7 = 


100 
3. (i) Above given table can be rewritten in modified 
manner as: 
[Minimum class-size = 2] 


Number of | Numbers of | Width of | Length of 
letters surnames | theclass |the rectangle 
6 


6 3 7 x*2=4 
1-4 3 


6. Factors of 12 are 1, 2, 3, 4, 6, 12 


14+24+3+4+4+6+12 28 14 
Mean = ———————— = — = — 
7 6 6 3 






Number of persons —> 


—- N we YW Oo 4 OO y 


o 


y S0 55 60 65 70 75 80 85 90 x 
Weight (in kg) ————» 









+ 8. The histogram on the above frequency distribution is given 
fao in the figure. 
>30 Y 
o 
520 25 
210 
i O 20 
1-4 4-6 6-8 8-12 12-20 X - 
Number of letters —— | 3 
p- 
4. Here the number of favourable cases, consists of throwing g 10 j 
10,11 or 12 with the two dice. The number of ways in / 
which a sum of 10 can be thrown are (4,6), (5,5), (6,4) 5 Za i 
i.e. 3 ways. E 
i i be thrown 0 . 
The number of ways in which a total of 11 can ATERPE NTC: 


are (5, 6), (6,5) i.e. 2 ways. 
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9, 


Scores —————3» 


Frequency polygon for groups A and B of class IV students 


in a test of reading ability. 


(33,22) 


(39,20) 





31.5 34.5 37.5 40.5 43.5 465 495 525 555 X 


Class interval —— — —— —, 


10. (i) Modal score = 4 

because 4 occurs seven time. 
(ii) Total score =(1 x 3) + (2 x 6)+(3 x 4) 
*(Ax7)*-(5x5) 
=3+12+12+28+25 
= 80 
iia 80 
(iii) Mean score = — -32 
25 
11. Let their ages be 4x ,5x and 6x. 
; 4x * 5x 4 6x 
Their mean age = med 
15- saat IS=>x=3 
So, their ages are 12, 15, 18 year. 

12. (i) The given bar graph gives the information about 
the production of coal in million tonnes in two 
consecutive years, namely 1992-93 and 1993-94 in 
various states. 

(ii) M.P. and Bihar have same production in 1993- 
1994. 
(iii) U.P. has the same production in both the years. 
(iv) U.P. 
LONG ANSWER QUESTIONS 
l. 


First we find the class marks and make new table as 
follows: 










Class Section-A Section-B 
marks (frequency) | (frequency) 


le ]...$ 1-3 [| 5 — 


("x Mathematics 





Steps to draw frequency polygon: 
For Sectlon-A 


(1) First plot the points (5,3), (15, 9), (25, 17), (35, 12) 
and (45, 9) on graph paper. 

(2) Join consecutive points by thick line segments. 

(3) Join the first end point with the mid-point of class 
(— 10 to 0) with zero frequency, and join the other end 
point with the mid-point of class (50 — 60) with zero 
frequency. 

(4) Therequired frequency polygon is shown by thick line 
segments in the figure. 

For Section-B 


(1) First plot the points (5, 5), (15, 19), (25, 15), (35, 10) 
and (45, 1) 


(2) Join consecutive points with dotted line segment. 


(3) Join the first end point with the mid-point of class 
(- 10 to 0) with zero frequency, and join the other end 


point with the mid-point of class (50 — 60) with zero 
frequency. 


(4) The required frequency polygon is shown by dotted 
line segments in the same figure. 


Frequency polygon 





Frequency polygon 
of section A 


Performance of section A is better than performance of 
section B. 5 
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STATISTICS AND PROBABILITY 


2. 


_ 14+74+5-34+4+4 24 
EE ACE Uo NM a 


Mean 
Also, m1 23* 2545243434 p 

=> 2l=17+p 7 

=> p=4 

First we arrange the observations in ascending order. 
66 2,2,3,3,3,4. 4. 

Since, no. of observations is odd 


i 
Median = (=) observation. 


q = 4" observation. 
q= 3. 


“Mean  E/() _ 30+160 + 360+ 200+ 420 +350+50p 


rf 
_ 1520+50p 
40+ p 
25427 *19-29 421€ 23 25 € 33€ 28 € 20 
10 


404 p 


40.4 => 9.6p=96=>p=10 


Mean 


Further, Required sum 

= (25 — 25) + (27 — 25) + (19 - 25) + (29 - 25) + (21 - 25) 

+ (23 — 25) + (25 225) + (33 — 25) + (28 - 25) + (20 - 25) 

=0+2+(-6)+(4)+(-4)+(-2)+0+8+3+(-5) 

=-6+8+3-5=0 

No, we cannot say that the number of children who watched 

TV for 10 or more hovrs a week is 22. 

It is (4 + 2) =6. 

Steps (i) Since the scale on x-axis starts at 150, a 
break is shown near the origin along x-axis 
to indicate that the graph is drawn to scale 
beginning at 150 and not at the origin itself. 

(ii) Take 1 cm on x-axis = 10 cm (height) 

(iii) Take 1 cm on y-axis = 2 (no. of students) 

(iv) Construct rectangles corresponding to the 
given data. The required histogram is shown 
in the digram. 


No. of Students 
e 






| H X : 
170 180 190 200 X 


Height 





NO. of Leaves 


Des T 
7. 


e 


287 


(i) The given frequency distribution is discontinuous, to 
make it continuous, adjustment factor 
= 127-126 lios 
2 2 l 
The continuous frequency distribution for the given data 


is 
adjustment 
3 
£ 
9 












Classes before 
adjustment 














118-126 117.5 - 126.5 
127-135 126.5 - 135.5 
136-144 135.5 - 144.5 
145-153 144.5 - 153.5 12 
154-162 153.5 - 162.5 5 
163-171 162.5 - 171.5 





172-180 171.5 - 180.5 


Steps to construct histogram 

l. Since the scale on x - axis starts at 117.5 a break is 
shown near the origin. 

2. Take 1 cm along x-axis = 9 mm (length). 

Take | cm along y-axis = 2 leaves. 

4. Construct rectangles corresponding to the above 

continuous distribution. The required histogram is 

shown in the adjacent figure. 

Frequency polygon is the other suitable graphical 

representation. l 

(iii) No; in fact, maximum number of leaves area of length 
between 145 mm and 153 mm (both inclusive). 


(ii) 








117.5 126.5 135.5 144.5 153.5 162.5 171.5 180.5 x 
Length of Leaves 
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8. x,712,x,*12-25 (b) 51 
> x, = 13 (d) Sum of 20 observations = 20 x 15.5 = 310 
te ee Corrected sum = 310 — 42 + 24 = 292 
= x, 35 292 
12 * x; + 10 x, = 43 So, corrected Mean = —— = 14.6 
=> x,78 (c) 20 
12 x * 10 x, * x, 7 48 
=> Xs zz 9 (a) 
(a) 31-35 (b) 5 10. (c) Sum of 6 numbers = 30 x 6 = 180 
(c) 43 (d) 795 " Sum of remaining 5 numbers = 29 x 5 = 145 


EXERCISE-2 





MULTIPLE CHOICE QUESTIONS 
1. (b) Letx be the upper limit and y be the lower limit. 
Since the mid value of the class is 10 


; E all 
2 


and x — y = 6 (width of the class = 6) (2) : 
By solving (1) and (2), we get y = 7. 


5 xty=20. (1) 


Hence, lower limit of the class is 7. 


Sum of all the observations 


We know, mean = 
. Total no. of observation 


x-x+3-x+5-x+7+x-10 
=> Mean = ——————————— —— ———— 


5 


ka jwi 


So, mean of last three observations is 
3x+22 _12+22 434 Ll 





? j 3 à 
3. (b) 4. (b) 
& 0) Given tee es (1) 
_, 25 +.. tax = AX tet My m o Ln (2) 
'" an n 


Also, from (1), we have 


] 
— X] + ut — Xp, 
a a 





=x 
l 
-n 
a 
x x 
Zap; me x 
= 4 ce 7 7— (3) 
n a 
x 
So, the mean Of ax,, ......., ax, XL, isses. Te! 
a d a 





(from Ques. 4) 


+ Excluded number = 180 — 145 = 35. 


Probability of an event always lies between 0 and 1. 
(both inclusive) 


12. (d) 120% is not valid. 

- 40-24 16 ? 
13.. (a) P (getting a head) = 40 40 5 
14. (b) Total no. of balls = 10 


No. of white balls = 4 

No. of non-white balls = 10- 4 — 6 
So, Required prob — A oe 
0O<P(E)<1 


a 


15. (c) 
16. (a) 


> 
17. (d) Required prob = 37% = 2 z.37 


100-35 65 


Ae ug 100 100 


19. (a) 
20. (d) 
21. 

(i) (c) 
(i) (b) 


(ili) (a) 


Required probability = 


Mathematics 
Social 


; 11.92 2 
Required Ratio =— 2 —22:1 
46 1 


^-^ 


(iv) (c) Average marks = 247936145046 
5 
= 330 = 66% 
5 
(v) (b) 66% 
MORE THAN ONE CORRECT 
1. (abd) 
Variance is not a measure of central tendency. 
24. (b,c) 34. (a,b,c) 
4. (ac,d) S. (a,b, d) 
6.  (a,c) 7. (a,b,c) 
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PASSAGE BASED QUESTIONS 


PASSAGE-I 


(i) The total number of trials = 1000. From the table, it 


is clear that P (tyre to be replaced before it covers 
4000 km) 
= 1000 = 0.02 

(ii) The frequency of a tyre that will last more than 9000 
km is 325 + 445 = 770. 


i 770 
So, R robability - —— =.77 
equired p ility 1000 
(iii) Required frequency is 210 + 325 = 535 
So, required probability — I =.535 
1000 
PASSAGE-II 


(i) P (no defective part) = >? = 


Li 
200 4 
(ii) P (at least one defective part) 


=P (1) * P Q) +P 3) - P (4) * P (5) * P(6) * P(7) 
+ P (8) + P (9) + P (10) + P (11) + P (12) + P (13) 


32 4+224+184+124+124+10+10+10+8+6+6+2+2 
_ gine eee ae eee REA 
i 200 


(iii) P (not more than 5 defective parts) 
= P (0) + P (1) + P (2) + PG) + P (4) * PG) 


_ 50+32+22-18+12-12 146 
i 200 200 


(iv) P (more than 13 defective parts) = 0 


ASSERTION AND REASON 


(a) Since the value 120 occurs maximum number of 
times. 

(b) Both Assertion And Reason is correct but Reason is 
not correct explanation for Assertion. 

(d) Assertion is false. 





P (selecting a girl) = — mm 


(c) Assertion is correct. But reason is false. 
The number of times a variate (observation) occurs in 
a given data is called frequency of that variate. 





5. 


ss) 


(d) Assertion is false. Tossing a coin 50 times is called 
an experiment. 


6. (b) Assertion : Given no. of observation is 10 (even) 


x-(x-2) 2x-42 _ 


Median = x+l 


65=x+1lmax=H 


— 


HOTS SUBJECTIVE QUESTIONS 


1. 


n 


Here n= 121, X = 59. 
The sum of 121 numbers = "= = (121 x 59) =7139. 
When each number is multiplied by 4, 
total = 4 x (previous total) = 4 x 7139 = 28556. 
28556 
New mean — | )-236 
121 
5000 + 5000 + 5000 + 5000 + 15000 
MAE SIRE ere re eae 
5 





U 


Mean = 
. 35000 | 
arm 

So, the mean salary is X 7000 per month. 

To find the median, we arrange the salaries in ascending 

order : 

5000, 5000, 5000, 5000, 15000 

Since the number of employees in the factory is 5, the 


7000 





5+1 6 
median is given by the>— th M — 3rd observation. 
Therefore, the median is € 5000 per month. 
To find the mode of the salaries, we see that 5000 occurs 
the maximum number of times in the data 5000, 5000. 
5000, 5000, 15000. So, the modal salary is X 5000 per 
month. 


By defn of mean 
= Xp tX2tX340..X, 
X ————————————— 
n 
=> Ny $+ X7 +33 4+...+%, =X... (i) 


Now, consider 
Y; -3)- (n -X)- (s -¥) +(5 -¥)+..+ (x, -F) 
i=l : 


= (x) —X> +X; —...+x,)-—n¥ 
-ni-nX =0 (From (i)] 
As the median depends only on 5% and 6'^ entries and 
there is no change in these entries therefore there is no 
change in the value of the median. 


Let the six numbers be x), x», x, Xy, Xs, Xe. 


Number of combinations of 3= es = 6x5x4 " 
Ix2x3 
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dados Mathematics. 
The mean of these 20 combinations are 2, 4,6,..., 36,38, 6. — Letx,, x5, ....., xjg be 10 numbers with their mean equal 
40. i. to 20. Then, 
+40 


2 
Sum of all these means = 





wx "| 
x 20 = 420 X eA 


In the above sum, each number from the original six is Xj +X ++ XD 


repeated 10 times. 10 
. ! -— x, Xy+ TN + xig 7 200 
= Laici SL Rk 420 New numbers are x, — 5, x5 — 5, .....,X}g—5. Let X’ be the 
m 3 — mean of new numbers. Then, 
Xj X5 + X3 T X4 + Xs 6. — i 
ait 3 iu PF gS 91 tip 5) 
: 10 
Xp HX +X tXgtxXst+Xe 42 f | ' 
= aan” MEE can Hr = Ma tp ++ x19) 5x10 _ 200-50 [Using (i) 
10 10 
t tX + X3 X4 t Xs t X6 EH X'=15 
-— Ert nod 
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